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Name 
Street 
City 


Contrast its Appearance with that 
oe. of the Old Style X-Ray Laboratory 


14 POINTS ON THE CLINIX 


1. Takes the place of radiographic table, hori- 


zontal fluoroscope, vertical plate changer, 
vertical fluoroscope, trolley system, inter- g 
rupterless or other transformer and control. 
2. Self-excited with capacity sufficient to 
fluoroscope or radiograph any part of the 
body as attested by the U. S. Army 


X-Ray Manual and the Eastman X-Ray = 
Exposure Rule. Il. 


3. Head of table drops to Trendelenburg posi- 


tion for noting displacement of stomach, 1! 


intestines, fluids, etc. 


4. Motor Driven so that patient is carried 13: 
automatically from vertical to Trendelen- 14. 


burg or to intermediate positions. 


5. After locating part on fluoroscopic screen, 
plate made for permanent record by same 
tube under table. 

6. No shifting, lifting and climbing of patients 
from one piece of apparatus to another. 


9. 


No overhead trolley and dangerous dang- 
ling reels. 


. No corona to light up room and kill 


fluoroscopic image. 

No nitrous oxide from trolley to poison 
and sicken operator. 

Wood top. 

Self-rectifying tubes, easiest and surest in 
operation. 

Head of table accessible and free from 
all wires. 


Light weight easily movable tube carriage , 


To relocate the apparatus of the X-ray 
laboratory just move the Clinix that’s all. 


LYNN.MASS 


U. S. Patents December 19, 1911. April 22, 1913. February 29, 1916. August 7, 1917. 
Also patented in foreign countries. Other patents pending. Infringers will be prosecuted. 
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THE ABSORPTION O] 


he | ( ( 1 

litte ssues thie 
hitere ri nesses 

KI 

eC ap] ents 1S 
in igure I lhe m1 t10n 
tf lead, and ) rted 
ally on a suitable é wn in 
liagram It is 51 a1 C1 in 
liameter at the smaller end, cm. at 
the larger end. The wall thickness .8 em 
thin steel rod, tapered to a p is sus 
ended along the axis of the chamber, and 
s carefully insulated therefrom. The rod is 
electrically connected to the leat st P of 
the electroscope by means of a fine copper 


tubes filled 


made of 


wire which runs through brass 
with paraffin. The electroscope is 
lead 1 cm. thick. The inside dimensions are 
as shown 
in the lower part of the figure) so that the 


2.7 by 6 by 7 cm. It is arranged 


gold leaf is projected on a ground glass 
screen. The lead cone, brass tubes, and elec- 
troscope case are all connected to the ground 
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FAILLA 


electroscope is 
ttached to a bell 
hich is connected 
i suitable source of potential, touches the 
nization chamber 
will then be at the same potential as the leaf. 


djusted so as to 


leaf post. The wire in the 


Che charging potential is 


bring the image of always to the 
taking read- 
ings, the observer sits in front of the ground- 


same point ton the scree! 


class screen, and, with watch, meas- 
ures the time it takes the age of the leaf 
to travel between the points b and ¢ on the 
screen. 

[he supports for the source of radiation, 


filter, and tissue, are made of hard rubber 
wn at AB. They 

from C that the 
source of radiation is practically at the apex 


and very thin mica, as sh 
are placed at such a distance 
of the cone. In this manner the beam of rays 
which enters the cone fills the whole cham- 
ber. The metallic filters are placed just aboye 
the radioactive source; the tissue is placed 
on the mica window B which is 1.5 cm. above 
the support for the filters. With this arrange- 
ment it is possible to change the filter with- 
out disturbing the tissue in any way. The 
lower end of the ionization chamber is closed 
by a very thin sheet of mica. 

The radiation we wish to measure is only 


| No 5 
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the beam which enters the ionization cham- 
ber. It is necessary, therefore, to shield the 
electroscope itself from the radiation which 
the source emits in all directions. For this 
purpose a thick block of lead is interposed 
between the source and the electroscope, and 
the latter is so constructed that no stray 
radiation can enter it. The brass tubes are 
filled with paraffin for the same purpose of 
limiting the effect of the radiation to the air 
in the ionization chamber proper. The instru- 
ment was tested to see whether the shield- 
ing was sufficient, and it was found that the 
effect on the electroscope which was not due 
to the ionization chamber was negligible. 
Account had to be taken, however, of the 
“natural leak’ of the instrument, that is, of 
the slow discharge of the electroscope leaf 
when the source of radiation which we 
wished to investigate was not present. This 
correction is made by subtracting the rate of 
fall of the leaf due to the natural leak alone 
from the rate of fall due to the combined 
effect of the radiation which enters the ion- 
ization chamber, and the natural leak. 

It is important to bear in mind just what 
we are measuring with an apparatus of this 
sort, because on that depend the conclusions 
which we may draw from the experimental 
results. The cone of rays which enters the 
ionization chamber ionizes the air in it. The 
formation of ions implies that energy is 
being used up in the process, since work must 
be done to separate negative from positive 
electricity on account of the force of attrac- 
tion between the two. This energy is supplied 
by the radiation. The difference of potential 
between the wire and the walls of the ioniza- 
tion chamber is sufficient to cause the posi- 
tive and negative ions to be separated from 
each other as soon as they are formed, thus 
preventing their recombination. Under these 
conditions the electric current thus produced 
is proportional to the number of ions pro- 
duced per second, which is a measure of the 
energy absorbed by the air in the chamber. 
The electroscope, used in conjunction with a 
stopwatch, measures this ionization current. 
Consequently the readings which we obtain 
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in this manner are proportional to the energy 
absorbed. 

The physiological action of radiation is 
dependent to a considerable extent on the 
amount of energy absorbed by the radiated 
tissue. It is evident, therefore, that ionization 
methods of measurement offer a good basis 
for the correlation of the physical factors of 
the dose of radiation administered and the 
physiological effects produced thereby. The 
method, however, has its limitations, which 
should be clearly recognized. In the first 
place, the medium in which the ionization is 
measured is a gas, and not tissue. When the 
constituents of the gas do not differ very 
much in atomic weight and relative propor- 
tions from the constituents of tissue, the ab- 
sorption of radiation, mass per mass, is sub- 
stantially the same. If we assume this to be 
true in the case of air, the thickness of tissue 
equivalent to the air in the ionization cham- 
ber of these experiments is about 0.6 mm. 
Secondly, the ionization of the air in the 
chamber consists of two parts, that produced 
directly by the passage of the beam of radia- 
tion through the air, and that produced by 
the scattered and secondary radiation ex- 
cited by the rays which impinge on the walls 
of the chamber. When a metal ionization 
chamber is used, as in this case, the second 
term may be very important, according t 
the character of the radiation. Thirdly, the 
scattered and secondary radiations, which 
contribute to the effect in a deep-seated 
tumor, for instance, are quite different 
from their counterparts in the ionization 
chamber. These are the main physical differ- 
ences between the conditions obtaining in 
laboratory experiments and in the treatment 
of patients. It is evident, however, that there 
are greater differences which are independ- 
ent of physical conditions, but which are due 
to the inherent peculiarities of living matter 
The physiological action of radiation de- 
pends not only on what takes place in the 
radiated tissue, but also on the reaction of 
the whole system. Naturally we cannot simu- 
late this in physical experiments. Hence, in 
order to make practical application of the 
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results obtained from physical experiments, 
it is necessary to conduct physiological ex- 
periments complementary to the former. 


EXPERIMENTAL PROCEDURI 


To determine the absorption radiation 


by tissue it was necessary to have uniform 
parallel slices of tissue about 5 cm. square. 


The thicker slices were cut by hand, using 
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case of a very soft tissue, because its weight 
flattened the bottom layers. The density of 
the tissue was determined as follows: The 
tissue, in one or several pieces, was weighed 
with an accurate balance. Its volume was 
then determined by measuring the amount of 
water which it displaced, and the density 
obtained by dividing the mass by the volume. 
The weight of the tissue used for this de- 
termination was in every case several hun- 


a knife with a wide blade. The thin slices dred grams. For the metals and solid bone 
1 WY 
GY 
— = jo) — 
/ 
SS 
Tonization 
Chamber 
£leclroscope 
lead Electroscope 
Block 
ley 


of 


were cut by means of a meat-slicing machine 
with a specially ground knife, after the tissue 
had been frozen hard. Tissue 
formalin could be cut with this machine 
without trouble. The thickness of the slices 
of tissue was determined by placing each 
between two thin sheets of lead ar 


hardened in 


id measur- 
ing the total thickness with a micrometer 
caliper. When the thickness of tissue on the 
mica support was several centimeters, the 
total thickness was checked by placing a 
steel scale against the pile of tissue. This 


procedure was especially necessary in the 


Gold Leaf on Ground Glass Screen 


the volume was calculated from the dimen- 
sions of a rectangular slab of the material. 

The source of radiation used for these 
experiments was radium emanation enclosed 
in capillary glass tubes about 0.5 mm. in out- 
side diameter and 14 mm. long. While the 
wall thickness of these tubes is sufficiently 
great (about 0.1 to 0.15 mm.) to absorb the 
alpha rays, it has little effect on the beta and 
gamma radiations. If such a tube, containing 
a suitable amount of emanation, is placed at 
A in the apparatus of Figure 1, the radiation 
will go through the very thin mica sheets at 
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B and C and will enter the ionization cham- 
ber without appreciable absorption. There it 
will ionize the air, and the electroscope will 
measure the ionization thus produced. Let us 
arbitrarily call the intensity of ionization in 
this case 100 units. If we place a slice of 
tissue 1 mm. thick on B, the radiation which 
enters the ionization chamber is only that 
part of the original beam which succeeded in 
getting through 1 mm. of tissue. This pro- 
duces an ionization of 43 units in the cham- 
The 
addition of another miliimeter of tissue (< 
total thickness of 2 mm.) reduces the ioniza- 


ber as measured by the electroscope. 


tion to 27 units. Continuing in this manner, 
for larger thicknesses of tissue, we obtai 
values of ionization for 
different thicknesses of tissue interposed be- 
tween the source 


the intensity of 


of radiation and the ioniza 
tion chamber. The results are shown graphic- 
ally by curve A in Figures 3 and 4. A similar 
procedure using a metal or a metallic filter 
and tissue enables us to obtain the absorption 
curves shown in Figures 2, 3, and 4 
DISCUSSION \BSORPTION CURVES 

In these experiments the ionization pro- 
duced by the total beta and 
gamma, emitted by an emanation tube, was 
assumed to be 100 unif® 


radiation, 


All other readings. 
therefore, represent percentages of the total 
radiation. As the range of values to be in- 
corporated in the absorption chart is large, 
it was thought best to use a logarithmic scale 
In this way, as the values decrease the scale 
is automatically increased. Furthermore, a 
logarithmic scale has the important advan- 
tage that it enables us to tell at a glance when 
the radiation becomes “homogeneous,” 
cause in this case the absorption curve is a 
straight line. For our purposes the radiation 


be- 


is homogeneous when successive equal layers 
of tissue absorl) the same percentage of the 
radiation which reaches them. This means 
that the quality of the radiation remains sub- 
stantially the same as it goes through the 
filter or tissue 
In Figure 2 


are shown the absorption 
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curves for different metals. It will be seen 
that the curves for metals of medium or low 
atomic weight become straight lines beyond 
a thickness of metal of a few millimeters 
The curve for lead, on the other hand, doe 
not become straight in the range of thick 
ness shown in the chart 
law of 


The mathemati 


absorption which 


applies to 
straight part of the curve is 


[,e-pd 
where | intensity of radiation falling 

filter, 

intensity of radiation passi: 
through the filter, 

d thickness of filter, 

e Naperian base of logarithi 

the coefficient of absorpti 


The coefficient of absorption represet 
the traction of the incident radiation whi 
is absorbed or scattered per unit thickness 
filter.* For the same quality of radiati 
this is different for different absorbers, 
for the same absorber it is different for 
ferent qualities of radiation. In the cas 
aluminum, for instance, the value obtaine 
from the curve of Figure 2 is 0.11, 
therefore 11° of the gamma radiation ts 
sorbed per centimeter of aluminum 


value given by Soddy and Russel’ is 0 


and by Rutherford and Richardson 


In the case of brass the value 


ES. 


for gamma rays Is 0.35, so that brass 
0.35 ‘ 

sorbs 3.2 times more gamma rad 
O.11 


tion per unit thickness than aluminum. | 
thickness of lead used in these experiments 
(2 cm.) was not sufficient to give a straig! 
line in the absorption curve. Hence it 1s 1 
strictly correct to speak of a coefficient 
absorption for this curve. However, if we 
make the calculation for the last part of th 
curve we find that » equals 0.58, which 


somewhat higher than the value of 0.5 giver 
by Rutherford.* This shows that the har 


*In thinking of the coefficient of absorption in th 
terms, care should be exercised to choose a unit 
thickness which will make the amount of radiatio 
absorbed by a filter of unit thickness a small fract 


of the incident radiation 


\bsorption of Radium Radiation by Tiss 219 
ness he gai radiation f the aluminun ras urves become 
incre s with t ickness of nd straight lines beyond thickness of a few 
2 cm. of lead. In fact, from the « ments milllimeters indicates that radium radiation 
f Tuomikoski* and others. it ; that filtered throug! ! f aluminum or 2 
the penetration of the Famma rad nm of mm. of brass is su nt] mogeneous to 
radium increases even after filtrat Se\ be absorbed by t met cording to 
eral centimeters d. Such « the exponential | . ! bove, within 

iti veve ntirel TT wes the range of thicknesses shown in Figure 2. 
| 
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ion in radium thet ipy, On accou t the the reas m is tha tor substances of low 
weight of the filter and the diminution of atomic weight the coefficients of absorption 
the quantity of radiation whi asses as here defined do not vary much with the 
through it. Even for 20 mm. oft id the wave length, for gamma radiation of the 
ionization produced by the transmitted radia- quality-considered.’ 4 fortiori this is true of 
tion is only 1.5‘ yf the value for the un the absorption ot tissue, the principal cOn- 
filtered beta and gamma radiation d less stituents of which are much lighter than 
than 14 the value for radiation tl igh 1 these metals. In the case of lead, the mechan- 
mm. of lead. ism of absorption is further complicated by 
Fortunately no such filtration is nece sary the fact that the element is an ist ‘tope of 


in therapy. In the first place, the fact that Radium B. 
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In Figures 3 and 4 are shown the curves 
of absorption by tissue of the radiation fil- 
tered through different thicknesses of brass 
and lead respectively. The circles indicate 
the points which were experimentally de- 
termined. The largest thickness of tissue 
used in these experiments was about 7 cm. 
For this reason the prolongation of the 
curves to 10 cm. is shown in dotted lines. 
We are justified in extrapolating to 10 cm. 
because many other curves we have obtained 
in the course of our work, using up to 9 or 
10 cm. of tissue, have been straight lines, 
within the limits of experimental error. 
In either chart the highest curve is for the 
total radiation, beta and gamma, emitted by 
the small capillary glass tube containing ra- 
dium emanation. It will be seen that there 
is a sharp bend in the curve corresponding 
to a thickness of about 1 cm. of tissue. This 
is the point at which a transition occurs in 
the quality of the radiation, from a prepon- 
derance of beta and soft gamma rays to a 
preponderance of hard gamma rays. The 
presence of soft radiation is evident, how- 
ever, even up to thicknesses of tissue of 5 or 
6 cm. 

The lowest curve, F, in either set repre- 
sents the absorption of radiation by the metal 
filter alone. These curves are the same as 
shown in Figure 2, but plotted to a different 
scale. The absorption curves for filtered radi- 
ation branch out from these curves. The 
filters used were approximately 14, 1, 2, and 
3 mm. of either brass or lead. For any point 
on the curve the thickness of tissue is added 
to the thickness of filter. Thus for the third 
curve, C, in Figure 3, we have: a brass filter 
0.96 mm. thick reduces the ionization from 
100 to 7.6%, the further addition of r cm. of 
tissue brings the ionization to 6.2%, and so 
on. The curves are plotted in this manner 
so that each is a complete absorption curve, 
starting with unfiltered radiation. 

‘ For deep therapy it is essential to use 
radiation which is absorbed exponentially by 
tissue; that is, radiation which is absorbed 
to the same extent by successive lavers of 
tissue. If this is not the case, the skin and 
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superficial layers will absorb a larger per 
centage of the incident radiation than corre¢ 
sponding layers of tumor tissue, and there 
fore will be affected more strongly, even if it 
were possible to use a parallel beam of radia 
tion. As the dose is adjusted so as not to 
injure the skin, it follows that by using 

filter which does not give a homogeneous 
radiation, the tumor does not receive as 
much radiation in proportion as it would if 
sufficient filtration were used. Thus, if the 
filter consists of % 


5 mm. of brass, from 
Figure 3 we see that the first centimeter ab- 
14.5 — 0.4 
sorbs —— 50% of the incident 
14.5 


radiation, the second centimeter absorbs 9“, 
but the third and each subsequent centimete! 
absorbs only 7.7%. On the other hand, using 
2 mm. of brass as a filter, the first centimeter 
absorbs 10%, the second, third, etc., 7.5%, 
and the difference, which in this case is du 
to the secondary radiation of brass,’ is small. 
The further addition of a secondary filter of 
2 or 3 mm. of rubber, which has about thi 
ame absorbing power as tissue, makes thx 
percentage absorbed by the first and succes 
sive centimeters of tissue the same. 

The criterion for the exponential absorp- 
tion of radiation is that the absorption curve, 
when plotted to a logarithmic scale, be 
straight line. From Figures 3 and 4, thers 
fore, we can determine what filtration to us: 
to fulfill this condition. Evidently there is 
more than one choice. However, not all pos- 
sible combinations of primary and secondary 
filter which could be used are equally eco 
nomical. In the first place, it will be seen 
that in no case is the absorption curve 
straight line when the ionization is over 6% 
This means that at best we can use for deey 
therapy only 6% of the radiation emitted by 
the bare glass tube. At this point it is inter 
esting to note that when tissue is used as th« 
absorber, the absorption is not exponential 
up to a thickness of about 5 cm. According! 
if tissue or some organic substance of about 
the same density were used for deep therapy, 
a thickness of five or more centimeters would 
be necessary. Aside from the inconvenience 
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of such a bulky filter, its use would entail an 
unnecessary loss of radiation, because the 
ionization produced by radiation filtered 
through 5 cm. of tissue is 4.8%, while other 
filters can give 6%. The reason for this is 
that the diminution of the intensity of the 
beam of radiation passing through a filter of 
low atomic weight is primarily due to the 
scattering of the radiation and not to true 
absorption. Since the scattering by sub- 
stances of low atomic weight is not very dif- 
ferent for the different qualities of radiation, 
the softer components of the beam of radia- 
tion are not effectively eliminated in this 
manner. substances of low atomic 
weight are not efficient filters,* and the large 
thickness required to obtain the proper filtra- 
tion causes undue scattering and absorption 
of the penetrating radiation as well. This 
brings out the desirability of using a metalic 
filter. In general an additional filter of low 
atomic weight is necessary to remove the 
soft, secondary radiation of the metal.’ 

The straight line parts of the curves of 
Figures 3 and 4 are not parallel, but nearly 
so. This means that filtration by different 
thicknesses of the same metal changes the 
penetrating power of the radiation some- 
what. The magnitude of this change can be 
seen from Table II, in the column for the 
percentage of radiation absorbed by 1 cm. of 
tissue. Thus, when the filter is 4% mm. of 
brass, 1 cm. of tissue absorbs 7.7%, while 
for 3 mm. of lead filtration the correspond- 
ing value is 7.1%. The radiation in the latter 
case is more penetrating than the former. If 
we increase the filtration considerably, the 
penetrating power of the radiation can be 
increased further. 

In deep therapy there are two factors 
which affect the amount of radiation which 
reaches the tumor: the distance of the tumor 
from the source of radiation and the absorp- 
tion of part of the radiation by the interven- 
ing layers of tissue. For any one set of con- 
ditions, that is, distance of source from skin. 
strength and distribution of source, and 
depth of tumor, the quantity of radiation 
which reaches the tumor depends on the pen- 


Hence 
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etrating power of the radiation. The more 
penetrating the radiation, the more of it will 
reach the tumor. From this point of view, 
therefore, it is obvious that it is desirable t 
use the most penetrating radiation available. 
This, however, is not the only consideration 
involved in the problem. When radium is 
used as the source of radiation, the onl 
means of obtaining a more penetrating radia 
tion is the use of a heavier filter, which of 
necessity entails a decrease in the amount of 
the available radiation. Furthermore, the 
limiting factor in deep therapy is the effect 
on the skin, since this is always greater than 
in deep layers, neglecting any difference in 
susceptibility which may exist between dif- 
ferent tissues. Therefore it is important t 
know what fraction of the radiation which 
falls on the skin reaches the tumor. The 
maximum value of this fraction is deter 
mined by the relative distances of the skin 
and tumor from the source. Thus, if a point 
source of radiation is placed at a distance of 
3 cm. from the skin, and the farthest point 
of the tumor is 3 cm. below the skin, (i.e., ( 
cm. from the source) the most that the tu 
mor can receive is 14 as much as the skin 
This is on the assumption, which can never 
be realized in practice, that the 3 cm. of tis 
sue intervening between the source and thi 
back of the tumor do not absorb any radia 
tion at all. Allowing for the absorption by 
the tissue of radiation filtered through 1 mn 
of brass plus 8 mm. of rubber, we find that 
the distant parts of the tumor receive 19.9° 
of the radiation which falls on the skin, in 
stead of 25%. Using a filter of 3 mm. of lead 
plus 7 mm. of rubber, the radiation at the 
back of the tumor will increase from 19.9% 
to 20.2%; that is, it will be 1.5% greater 
for the same skin dose. This, however, wil! 
decrease the intensity of the source of radia 
tion from 6.3% to 4.6%, or 27%, so that in 
order to obtain the same skin dose using th 
amount of radium the duration of 
the application must be prolonged 27%. The 


advantage of getting 1.5% 


same 


more radiation 


in the tumor may offset the disadvantage « 
a longer exposure, but, is there any other 
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way of accomplishing the same purpose with 
greater economy: The relative amount of 
reaches the tumor can be 
increased also by placing the radium at a 
greater distance from the skin while still 


radiation which 


using the same filtration as in the first case. 
Let us determine what this distance should 
be in order to have 1.5% more radiation in 
the tumor, that is, 


Ford 
2 


of the amount 
reaching the skin. Figure 5 shows the nota- 
tion used below. The percentage of the skin 
radiation which reaches the tumor is given 


OO x? 
by the expression If this 
is to be 20.2% when z = 3, »== 0.0755, then 
X~ 
0.797 20.2, whence x 3.1 cm. 
\- 


Therefore in this particular case an increase 
)f O.1 cm. in the distance of the applicator is 
sufficient to the tumor radiation 
1.5%. To get the same skin dose the time 
will now have to be increased in the ratio 


increase 


1.008, or less than 7%. 


2 7 Since 1n 


using a higher filtration we found that the 
time of application had to be increased 27%, 
it is evident that the same result can be ob- 
tained more economically by increasing the 
listance. This example has been worked out 
to illustrate this point. In practice, however, 
an increase of 1.5% would be insignificant. 
[f we had considered the dose at a much 
greater depth, the effect of a higher filtration 
would have been larger, and the adjustment 
in distance to get the same result would have 
been necessary. 

From the law of conservation of energy 
it follows that, in order to affect the tissue, 
some of the radiant energy traversing the 
tissue must be absorbed by it. In fact, as 
stated in the first part of the paper, there is 
-onsiderable evidence tending to show that 
the physiological effect is dependent on the 
amount of radiation absorbed by the tissue. 
From this point of view, then, there is an 
advantage in using radiation which is more 
easily absorbed by tissue, 


obtain the same ratio 


provided we can 
between the skin dose 
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and the tumor dose, by properly adjusting 
the distance of the applicator. ‘This su 
means that for the same total am 
radiation falling on the skin a given physi 


logical effect can be obtained in a short 
time in the case of the softer radiation. As 
however, the time element does not influet 
the ratio between the skin dose and the dee 
dose, it will be seen that the fact that tisst 


absorbs more of the softer radiation does 1 


to the skin dose. On the contrary, 
effective in decreasing the amount of radi 
tion which reaches the deeper layers 
tissue.* 

In the light of what has just been said, 
is reasonable to ask: Can we obtain the same 
relative dose of radiation at a certain de 
of tissue by using #-rays and placing th 
tube at a greater distance from the skin? Th 
answer to this question depends entirely 
the quality of the -+-radiation available. I 
the example given above it will be seen that 
the controlling element was the “dispersion” 
of the radiation and not the absorption. Con- 
sidering the effect of distance alone, the dos 
at a depth of 3 cm. was only 25% of tl 
dose on the skin, that is, there was a | 
75%. On the other hand, the loss 


75%. lue t 
absorption by 3 


cm. of tissue was 20.2‘ 


which is small in comparison. In the case « 
x-rays the conditions are reversed. The tar- 
get-skin distance probably would not be | 


less 
than 20 cm. Then for a tissue depth of 3 cn 
the dose, neglecting absorption, would | 
(20 ) rr 
(23) or 75.7% of the skin dose. To get 
the same percentage of the radiation as 
the previous case, that is 20%, we can now 
afford to lose 55.7% through absorption 


Using the same equation as before we 


*In working out the above 


exampl 
was taken of the 


above mentioned eff 
quality of the radiation on the time of 
This is justified because the quality of th 
in the two cases was only slightly different 
these conditions the ionization method of 
the absorption curves used 


automatically 


in solving the pre 
for the differenc: 
pe 5 ¢ f 


compensates 


sorption of the two -adiatior 


ae tend to increase the deep dose in compar! 
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B, and D 
shows that the distar application 
is increaset m., the radia- 


‘ases from 
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| 
fitter Al] 


Fr 5. Diagrar 1 tions of tumor, 
| 


19.9% to 60.2%. ile the theoretical maxi- 
mum for infinite distance is 79.7%. From 


~ 
~ 


this we see that wher distance of appli- 
cation is great i mparison to the tissue 
depth, further increase in the distance is of 
little help in increasing the tumor dose. The 


values in columns F and G show that when 


ILE |] 


Target 20 cm 
from ski 
X-rays 
( 0.443 


the distances a1 ljusted so as to get th 
same skin dose and the same 


tumor dose at 
depth of 3 cn ‘ad 


ng radiation of different 
degrees of hardness, the doses are not the 
same at any other tissue depth, and especially 


it greater depths ne for which the 
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doses are the same (3 cm.). The more pene- 
trating radiation “wins out.” This may be 
an advantage or a disadvantage according to 
the conditions.* 

There are some limitations to the applica- 
bility of the results so far obtained which 
should be mentioned at this point. The most 
important is the effect of the scattered and 
secondary radiation on the tumor dose. The 
amount of radiation which reaches the tumor 
may be divided into two parts (1) that which 
travels in a straight line from the source to 
the tumor, and (2) that which reaches the 
tumor in a roundabout way. The latter is 
composed of (a) the radiation which is scat- 
tered, that is, deflected from its straight line 
path by the tissue surrounding the tumor, 
and (b) the secondary radiation which is set 
up in the tumor by the primary beam. The 
relative amounts of (1) and (2) depend 
on the depth of the tumor, the latter becom- 
ing more important as the depth increases. 
The method of measurement adopted for 
these experiments enables us to measure only 
the amount of the primary radiation which 
reaches a certain depth of tissue. The data 
thus obtained, therefore, enable us to calcu- 
late the minimum amount of radiation which 
reaches a given tumor under the conditions 
of application. The upper limit is obtained 
by neglecting the absorption of radiation by 
tissue and calculating the effect of distance 
alone. The actual radiation which reaches a 
certain depth of tissue is between these two 
limits. It can be determined by using a differ- 
ent experimental arrangement, which we 
hope to do in the near future. 

Another limitation is imposed by the use 


* From the preceding discussion we see that, within 
certain limits, we can get the same amount of radia- 
tion at a given depth of tissue for the same skin 
dose by using radiation of distinctly different pene- 
trating power, provided the distance of application 
is suitably chosen. Whether we would get the same 
physiological effect is a different matter, and one 
which cannot be determined by physical experiments 
alone. The question really is whether the physio- 
logical effect is independent of the quality of the 
radiation. At the present time this is not definitely 
known, but the scanty evidence available in the litera- 
ture seems to support the conclusion that within cer- 
tain limits it is independent of the quality. 
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of a metallic ionization chamber, as discussed 
in the first part of the paper. This, however, 
influences our results only when the quality 
of the radiation whose absorption we are 
measuring is changed appreciably in passing 
through the tissue used as the absorber. As 
this does not occur in the case of the pene- 
trating radiation used in deep therapy, no 
error is introduced in using, for this purpose, 
the data here obtained. But it is not possible 
to use these absorption curves to determine 
accurately the beta ray dose for the skin 
from a knowledge of the gamma ray dose, 
or vice versa. For instance, if the ionization 
value of the bare emanation tube is 100%, 
and for a tube screened by 2 mm. of brass it 
is 6.7% (Figure 3, curve D), it is not cor- 
rect to assume that, other conditions being 
the same, the time of exposure to produce 
the same superficial effect in the case of the 


screened tube would be 6 _ or 15 times 


longer than in the case of the bare tube. The 
two have to be determined independently by 
physiological experimentation. The curves 
enable us to make a first approximation to 
the doses for various qualities of radiation; 
the correct values can be obtained by actual 
trial. 

There is another point which requires 
further elucidation, that is, the significance 
of the ionization values given in the charts. 
A given quantity of radium emits radiation 
in all directions. The amount of radiant 
energy which passes through a surface 
of unit area perpendicular to the line of 
propagation represents the intensity of the 
radiation at this surface, independently of 
the quality of the radiation under considera- 
tion. But if we attempted to measure this in- 
tensity using ordinary ionization methods, 
the value we would obtain would depend to 
a great extent on the quality of the radiation. 
For instance, for beta rays, we could have 
an ionization chamber in which the 


gas 


would absorb all the radiation entering it, 
but for gamma rays only a fraction of the 
total radiation would be absorbed. In the 
latter case, then, we would not be measuring 


| 
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the intensity of the radiation. To take the 
extreme case, if there were radiation which 
would not be absorbed at all by matter, then, 
however strong the oht be, we 
would never detect it by the mea 


source ml 


ns at our 
disposal, or, in fact, by any other means, if 
the law of conservation of energy is to hold. 
For this reason, when we are dealing with 
radiation of different qualities, and espe- 
cially of different types, as the beta and 
gamma rays, we cannot speak their rela- 


tive intensities. Therefore the values on the 
charts are given in percentages of the total 
ionization produced when the emanation tube 
has no additional filtration, and they do not 
represent the intensity of radiation after 
passing through a filter or tissue or both, but 
the intensity of ionization which it produces. 
Accordingly it is not strictly correct to say 
that the radiation of an emanation tube is de- 
creased from 100% to 6% by a filter of 2 
mm. of brass plus 10 mm. of tissue. The 
radiation, considering the energy which is 
associated with it, is more than 6%, but this 
figure indicates the availability of its energy 
in affecting matter. For our purposes this 
is not a disadvantage, but an advantage. We 
are not concerned with the amount of radia- 
tion passing through tissue, but with the 
amount which is capable of influencing vital 
processes. When the quality of the radiation 
is not materially changed by the absorber, it 
is correct to say that the intensity of the 
radiation is decreased a certain percentage by 
the absorber. In factor of 
proportionality between the energy of the 
radiation and the amount absorbed remains 
the same. 


such cases the 


In addition to the effect of the 
material of the ionization chamber 


) on the 
percentage values given for the 


different 
thicknesses of absorber, it should be borne 
in mind that the numerical de- 
pend on the quality of the radiation which 
is taken as producing 100% ionization. This 
in turn depends on the wall thickness of the 
glass tube containing the emanation, which, 
however, does not affect the relative position 
of the curves. 

In Table II, column 5, 


values 


are civen the co- 
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7 
efficients of absorption for different metals 
Little need be added to 
een said about the absorp- 


and different tissues 


what has already | 
tion by metals. The three coefficients given 
for lead indicate the change in the quality of 
the gamma radiation as the thickness of lead 
increases. In column 4 are shown the range 
of thicknesses for which the coefficients of 
absorption were 


determined. Column 6 


shows the half value thickness, that is, the 
thickness of absorbing material needed to 
reduce the radiation to one half its initial 
value. The density (column 7) and the co- 
efficient of abs rption divided by the density 
(the so-called mass absorption coefficient, 
column 8) are given to show how the ab- 
sorption varies with the density of the ab- 
sorber. In column 9 are found the percent- 
ages of the radiation absorbed per millimeter 
of filter corresponding to the absorption 
coefficients given. 

The values in the second part of the table 
were determined from the curves of Figures 
3 and 4. They show the relative change in 
the absorption of radiation filtered through 
various thicknesses of lead and brass by beef 
muscle hardened in 10% formalin. It will 
be seen that from a filter of 14 mm. of brass 
to one of 3 mm. of lead the change is 
0.0705 — 0.0709 


0.0765 


7.3%. The mass absorp- 


tion coefficients have no special significance 
in this case, and they are not included in the 
table. It should be noted that the values in 
column 9 are given for one centimeter of 
tissue, and not for one millimeter, as in the 
case of metals. 

The values in the third part of the table 
indicate the relative absorption of the radia- 
tion filtered through 1.92 mm. of brass by 
different tissues. For these experiments fresh 
organs were obtained. They were cut into as 
nearly parallel slices as possible, and absorp- 
tion curves similar to those of Figures 3 and 
4 were determined. The experimental work 
for fresh liver, spleen, muscle, brain, suet, 
and lung, as well as the formalined muscle, 
was done continuously, with the same 
emanation tube in the same position from 
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beginning to end. To make sure that the ex- 
perimental conditions remained the same 
throughout, the absorption curve for pure 
gum rubber was determined at intervals, and 
used as a check. This also enabled us to in- 
clude in the table some data obtained on 
previous occasions. The logarithms of the 
ionization values for different thicknesses 
of tissue were plotted to a very large scale 
and average straight lines drawn, as in the 
case of Figures 3 and 4. The coefficients of 
absorption were then determined by reading 
off two values from the straight lines. 

From column 9 we see that the amount of 
radiation filtered through 1.92 mm. of brass 
which is absorbed by one centimeter of tissue 
is not very different for the different kinds 
of tissue. The two conspicuous exceptions 
are solid bone, which absorbs almost twice 
as much radiation as the average, and lung, 
which absorbs a little more than half as much 
as the average. 

[t is often assumed that the absorption of 
gamma rays is proportional to the density of 
the absorber. The table enables us to test the 
accuracy of this assumption. If the absorp- 
tion were proportional to the density, then 
all the values in column 8 for the same 
quality of radiation would be the same. Evi- 
dently this is not the case. From physical 
experiments we know that the mass absorp- 
tion coefficient for sub- 
essentially the same 
chemical composition. As this condition is 
practically fulfilled bv all the soft tissues 
given in the table, we should expect the 
values of 


(n/p) is the same 


stances which have 


u/p to be substantially the same. 
If we stop to analyze the results we find that, 
within the limits of experimental error this 
is the case. For lung tissue the value of p/p 
is considerably lower than the average. The 
discrepancy, however, can be attributed to 
the numerous ai this kind of 
tissue, which included in the measure- 
ment of thickness, but are not included in the 
determination of the density, since they do 
not contribute to the volume of the piece of 
tissue measured by the amount of water.dis- 
placed. The calculated density, consquently, 


air spaces in 


are 
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was too high, and the mass absorption 

efficient too low. The smaller differenc: 
the value of »/p for brain may be account 
for in the same way. 

The explanation of the low value of 
for solid bone is based on the results of ma 
physical experiments, which show that tl 
mass absorption coefficient is lower for sul 
stances of medium atomic weight than 4 
substances of very low or very high atomi 
weights.” Thus in Table II it is seen that tl 
value for soft tissues, which have essential] 
the same composition and contain only el 
ments of low atomic weight, are higher tha: 
for aluminum or brass, but lower than th 
first value for lead, which has a very hig! 
atomic weight. (The other values for lead 
are not comparable with the tissue values 
because the quality of the radiation in th 
two cases is quite different.) Solid bon 
which contains considerable calcium, there- 
fore, approaches aluminum in absorbing 
power, and for this reason the value of 


is lower than for soft tissues. “Porous 
bone,”’ as used in this experiment, consisted 
of a bony structure having its interstices 


filled with soft tissue. Theoretically, then, t! 
value of »/p should be higher than for soli 
bone and lower than for soft tissue. Expet 
mentally it is found that this is the case 

nsidering the methods of determining 
the density of soft tissues, it is reasonable 1 
conclude that, within the limits of exper 
mental error, the mass absorption coefficient 
for soft tissues are equal. For practical pu: 
poses, therefore, we may say that in this cas 
the absorption of gamma rays filtered 
1.92 mm. of brass is proportional to tl 
density of the tissue. This is not the ca 
when tissue is compared with aluminum a1 
brass. For instance, if we know the coeffic! 
ent of absorption for aluminum and we « 
culate its value for tissue of density 1.0 
in the ratio 


1.03 


of the densities, we 


get 


0.11 0.0413. But the value ex 


pe! 


mentally determined is 0.0694, which is 68 
higher than the calculated value. On tl 
other hand, the absorption of gamma rays ! 


ne centi ti is the same as 
that of one 1 ter uminum. Prob- 
ably this is 1 of a certain 
uality, but ; verv f rom the truth in 
the case OT ¢ 

With the exception of bone the tissue 
which absorbs st radiation absorbs 7.5% 
per centimeter of thickn« Cherefore, if in 
calculating th unt radiation which 


reaches a certain deptl ke the value of 


9 
H. \ Yo abs. 


per mm, 
402 


3-5 


lal I | 
TT 0 
+ |_| 
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8.0 
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0.075 for the absorption coefficient, we are 
sure to be on the safe side. It will be seen 
also for deep radium therapy that the effect 
of intervening bones on the tumor dose must 
be small, because the actual thickness of 
solid bone is small in comparison to the 
thickness of soft tissues, and the absorption 
by porous bone is only slightly greater than 
that of soft tissues. This, however, is not 
true in the case of x-rays, and especially of 
soft #-rays. A convincing proof of this 
statement is afforded by «x-ray photographs 
taken with soft and very hard rays. As for 
the absorption by human tissue compared to 
beef tissue, it may be said that in general the 
former absorbs a little less radiation than the 
latter. The difference, however, is practically 
negligible when the same kind of tissue or 
organ is considered in the two cases. One 
notable exception is fat, the absorption by 
human fat being considerably less than the 
absorption by suet. But in this case the den- 
sities are also quite different. The absorption 
by the fat under the human skin is about 
two thirds that of an equal layer of the skin 
proper. 


SUMMARY 


1. The apparatus used, consisting of a 
gold leaf electroscope and conical ionization 
chamber, and the experimental procedure are 
described in detail. 


2. The most important limitations im- 
posed by the experimental method adopted 
are discussed. They are due to: 

(a) Use of a metal ionization chamber. 

(b) Use of a gas as the absorbing medium 
in the ionization chamber. 

(c) Exclusion of scattered and secondary 
radiation produced in tissue. 

(d) Inability to reproduce in the physical 
laboratory physiological conditions. 


3. The absorption curves for aluminum, 
brass, and lead are given. From these we see 
that: 

(a) As the filter increases the transition 
from soft to hard radiation is quite 
sharp. 


(b) Beyond a thickness of filter of a few 
millimeters in the case of aluminium 
and brass the absorption is exponen- 
tial (I =I, e-w4). In the case of lead 
it is not exponential in the range of 
thickness used. 

(c) This shows that the filtration by a small 
thickness of metal is sufficient to give 
a radiation which is absorbed expo- 
nentially by metals of medium or low 
atomic weight. The radiation, how- 
ever, is not strictly homogeneous, as 
indicated by the lead absorption 
curve. 


4. The criterion for the quality of radia- 
tion to be used in deep therapy being the ex- 
ponential absorption of the radiation by tis- 
sue, from Figures 3 and 4 we see that: 

(a) A metal should be used as the primary 
filter. 

(b) A secondary filter, composed of light 
elements like tissue, should be used to 
remove the soft, secondary radiation 
of the metal. 

(c) There are different combinations of pri- 
mary and secondary filters suitable 
for deep therapy. 

(d) Beyond a certain point additional fil- 
tration, while increasing the penetrat- 
ing power of the radiation slightly, 
decreases the intensity of the radia- 
tion considerably. 


5. In deep therapy the limiting factor is 
the effect on the skin. Therefore it is im- 
portant to know what fraction of the skin 
radiation reaches a given depth of tissue. 
The value of this fraction can be varied 
within limits by varying the distance of the 
applicator from the skin, or the filtration. 
(a) An example is worked out to show that 

in the case of gamma rays it is more 
economical to increase the percentage 
of the skin radiation which reaches a 
deep tumor by increasing the distance 
of the applicator than by increasing 
the filtration. 
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(b) A second example shows that, using 
two sources of radiation of distinctly 
different penetrating power, we can 
get the same percentage of a skin 
dose at a certain depth of tissue in 
either case by choosing the distance 
of application properly. 

(c) Table I shows that when the distance of 


the applicator is large in comparison 


to the tumor depth, the penerating 
power of the radiation has the greater 
influence on the tumor dose. (This is 
the case of x-rays.) On the other 
applica- 
tion is about the same as the 


depth, and the radiation is 


hand, when the distance 

tumor 

very pene- 

trating, the distance has the greater 

influence on the tumor dose. (This is 
the case of radium therapy. ) 

(d) The table shows, also, that when the 
distances are adjusted so as to get the 
same skin dose and the same dose at 
a depth of three centimeters, using 
radiation of different 
hardness, the doses are not the same 


degrees of 


at any other tissue depth, and es- 
pecially at greater depths than the 
one for which the doses are the same. 


6. The coefficient of absorption is the im- 
portant factor which identifies radiation. The 
numerical value depends on the quality of 
the radiation and on the nature of the ab- 


sorber. From Table II we see that: 


(a) When the same tissue is used as an ab- 
sorber and the filtration of radium 
rays is varied in steps from 0.48 mm. 
of brass to 3 mm. of lead, the coeffi- 
cient of absorption gradually de- 
creases from 0.0765 to 0.0709. But 
while the penetrating power of the 
radiation is increased 7.3% by the 
additional filtration, the available ra- 
diation is decreased 05% 

(b) The same radiation (1.92 mm. brass 


filter) is absorbed to a different ex- 
tent by different tissues. For soft tis- 
sues the coefficient of absorption is 
proportional to the density of the 
tissue. 
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(c) The absorption by tissue from different 
organs (except lung tissue, fat, and 
solid bone) is nearly the same. There- 
fore if we take 0.075 for the value 
of the coefficient of absorption of 
filtered through 
1.92 mm. of brass, we are sure to be 
on the safe side in any calculation we 


gamma _ radiation 


may make for practical use. Corre- 

sponding to this value of the absorp- 

tion coefficient, the thickness of tis- 

sue necessary to absorb one half of 
the radiation is 9% centimeters. Asa 
round figure, easy to remember, we 
may take the half value thickness of 
human muscle tissue for gamma rays 
to be ten centimeters. 

(d) The presence of bone in the path of the 
radiation is of no great consequence 
in regard to the amount of gamma 
radiation which reaches the tumor be- 
yond it. The only part of the bone 
which absorbs considerably more 
than muscle is the solid part. But in 
any practical case this makes up a 
small fraction of the total thickness 
traversed by the radiation. In the case 
of x-rays bone plays a more import- 
ant part. 


7. The results obtained from the experi- 
ments described in this paper can be used for 
the solution of problems in radium therapy, 
subject to the following limitations: 

(a) The calculated amount of radiation 
reaching any given tissue depth is al- 
ways the minimum amount which 
will reach this depth under the condi- 
tions of application. 

(b) Skin doses of beta and gamma radia- 
tion are not to be compared accord- 
ing to the ionization values given in 
Figures 3 and 4. They must be de- 
termined independently by physio- 
logical experiments. 


In conclusion the author wishes to ac- 
knowledge his indebtedness to Mrs. E. H. 
Quimby for her assistance in the preparation 
of the material for this paper. 
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PERSONAL EXPERIENCE WITH THE APPLICATION OF THE 
NEWER ROENTGEN THERAPY IN CANCER’ 
3y M. J. SITTENFIELD, M.D. 


NEW YORK CITY 


HE ideal that every therapy attempts to The application of the newer methods « 

attain is a complete inhibition and roentgen therapy has led to more gratifyins 
neutralization of the disease, and if possible results in the treatment of cancer. Since 1 
the maintenance of normal function. Unfor- return from abroad in the middle of Se; 
tunately excision of a cancer does not pre- tember, owing to the delay in shipping 
vent further invasion, nor immunize against German apparatus, this improved techniqu 
it, nor does it maintain the functions of the as far as it is applicable to my own appat 
tissue affected. So it is easily conceivable tus, has been made use of. The followi 
why radiotherapy, even with our former case report is, of course, a preliminary 
limited knowledge, played such an important and only one of a type has been selected 
part in the treatment of cancer. The fact that One of the first cases selected for 
recent advances in the technique of radio- newer therapy was a patient with an inope: 
therapy have been accomplished abroad able carcinoma of the cervix. She had 
makes it apparent that the older methods ceived a radium treatment three and a 
were found wanting. It is almost needless to months previous, with no evident arrest 
say that insufficient penetration of hard rays the disease. The malignant process « 
to the deeper tissues was one of the short- tinued, so that when she first came to me, | 
comings; another was the lack of measure- hemoglobin was 40 per cent, and t 
ments for practical purposes, and also the appearances, she was in a beginning stat 
lack of knowledge of the exact dosage neces- cachexia. Desirous of trying out the nev 
sary to influence a carcinoma, a sarcoma or technique, she was subjected to the foll 
ovary. 


ing treatment: a two hour radiation d 

Some of these obstacles were overcome by on four consecutive days was administe1 
the construction of more powerful appara- instead of one session of eight hours, as 
tus, and also tubes to tolerate higher inten- Bumm’s Clinic. The focal distance used 
sities. The electroscope and iontoquantimeter 50 cm., and the portals of entry 15 by 
furnished means of measurement for prac- cm. The rays were filtered through 0.5 1 
tical purposes, and with these, the determina- of zinc, plus 1 mm. of aluminum. In additi 
tion of dosage for the destruction of car- 50 mg. of radium element were introdu 
cinoma and sarcoma were made possible. into the cervix and left there for fifty hours 
Apparatus, tubes and technique have been My aim was to administer what the G 
described elsewhere, and need not be men- mans call a full cancer dose at one sessi 
tioned here. The reaction was not as severe as thos 
*Read at the Midwinter Meeting of the Eastern Section of Tue A R R 
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ent ters, were adi te1 eek later the 

cained tumor had reced ) d in another 

ds 1 thin t eek, eek the entire t tion had disappeared. 
In this case, about ! ks ago, a tumor 
p ngaged in hi ctivi- the size of a larg ts appearance 


free fi ni tations in the other breast. TI urgeon again re- 


ferred her fot diation, nsidering her a 
shows t t e rosed bad risk for surgical intervention. A full 


ther patie vas reter radi cancer radiation dose was administered, and 
re rent ino! e axill the tumor has since receded 
he hese reports are of course only prelimin- 
ry; the end results may be such, perhaps, 
s to cause a modi tion. Furthermore the 
AD I nths re response 1n all ises v not be as striking 
in the t was re all is in these. It is obvious, however, that more 
recur wit the y recu! intensive radiation than heretofore must be 
] ] +} lee 


he siz idministered al modern tech- 


ass nique. The dos ive in this new eT technique 
tic tissue. S ered comprises a more ugh understanding of 
pain, and d to | under the biological and physical properties of the 


r 


e was. rays as they are emitted from the tube, and 
aad shay She als d tou f the accompanying secondary radiation. 
Ses ty ours n con he quality of ray, in particular, is one of 
| the most important factors, and of equal 
sterio1 xilla, importance are the substancs and amount ‘of 

he shoulder: nt, and one filtration used, the focal distance.’ and the 
al dis- size of the portals of entry. The propor- 
as 5 , the filter zinc plus alum- tionate relationship between the radiation 
he portal f enti energy at the surface of the body, and that 
ntget the lesion in the deepe1 tissues, 1s called 
O urs m el the dosage quotient. This dosage will be most 
er n the | er four favorably effective in the deeper tissues 
e tu disay vhen we increase the distance of the radia- 
s tre liscot tion source, notwithstanding the fact that 


L¢ ncrease in tl focal distances necessarily 

tf the increases the tir f obtaining a skin ery- 
ec ema dose 

< te [t is well know1 t wi 5 or 1 mm. of 

inom pper or zi tet considerable 

st S had a unt of the energy emitted from the tube 


le sipelas s lost. This loss is more than compensated 
esses, at ad to s e hos tor by the fact that radiation through 0.5 or 
duces a more 
ible absory n cor ent In other 
rds rays from this point on will show very 
little qualitative nge, and additional fil- 
uld s no further purpose. 
ition to 1 primary rays, the 
second rially aid the 
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dosage quotient. For instance, it has been 
worked out by Friedrich and others, that 
with 50 cm. focal distance, and a 10 mm. 
aluminum filter, the primary radiation 
energy under 6 cm. of tissue would be 22 
per cent that of the surface dose; in reality, 
though, it is increased to 51 per cent by the 
scattered secondary rays. 


CHART I 

Estimated Actual 
Depth Primary Jo with 

Focal under Dosage Secondary 
Filter Distance Surface % Rays 
1omm. Alum. 50cm. 6cm. 22. Yo 51. % 
50 cm 8 cm. 13.8% 42. 
50cm. I10cm. 8.4% 21. % 
Imm. Copper 50cm. 6cm. 25. % 7.5% 
socm. S8cm. 17. Jo 54. % 
socm. 10cm. 10. % 14. 


Aside from this increase in the amount of 
radiation available in the deeper tissues 
through the proper filtration, the size of the 
portals of entry must be given consideration. 
For example, under 10 cm. of tissue, with 
a portal of entry of 1.5 by 2 cm., the dose 
is 9 per cent of that received on the surface; 
with a portal of 6 by 8 cm., however, the 
amount is increased to 28 per cent, and with 
portals of 10 by 15 cm., to 35 per cent, and 
soon. In other words, the larger the portal 
of entry, the more favorable is the dosage 
quotient, up to a point of 20 by 20 cm. Any 
increase in size over this seems to bring no 
appreciable gain; that is, the intensity of 
the ray diminishes by dispersion the smaller 
the portal of entry, and increases in percent- 
age the larger the portal of entry. 


CHART II 


DosAGE QUOTIENT IN THE DEEPER TISSU! 
(Focal Distance 50 cm.) 


Portal of Under Io cm. Under cm 
Entry Tissue Tissue 
2cm. 477% 
6x 8cm. 28% 66% 
10x 15cm. 35% 77% 


Chaoul, of Sauerbruch’s Clinic in Munich, 

has adopted a very ingenious device of wax 

blocks, which he calls a “ray concentrator.” 
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One set is arranged on either side of the 
tube, and another at each side of the radiated 
field, taking in the entire distance between 
the skin and the tube. In this way he collects 
or concentrates the rays of dispersion which 
are then deflected to the center of the field, 
and thus increases the radiation quotient 
from 40 to 60 per cent. It becomes essential 
therefore in order to reach the tumor with 
the most favorable and suitable dosage quo- 
tient, to increase the focal distance, to use 
filtration of at least 0.5 mm. of copper or 
zinc, and lastly to use as large a portal of 
entry as the conditions permit. 

Opitz of Freiburg has taken advantage of 
all these factors which increase the dosage 
quotient, in the treatment of carcinoma of 
the uterus, first, by using a focal distance of 
50 cm., and second, by enlarging the portal 
to its maximum of 20 by 20 cm., and by 
using I mm. of copper as a filter. In this 
manner a skin erythema dose requires about 
two hours, one application is administered 
from the abdomen, one from the back, and 
two from the side. Here also a minor detail 
of refinement is made use of: the anterior 
dose is administered so that the centralized 
ray strikes the left edge of the tumor slightly 
obliquely, and the posterior dose the right 
edge of the tumor, in order to prevent 
damage to the rectum, which is anatomically 
situated to the left. The sum total of the 
rays reaching the cancer mass in this manner 
is verv nearly a full cancer dose. To guard 
against a sublethal dose to the interior of 
the tumor, a small dose of radium is placed 
in the uterus. Even if the cancer itself re- 
ceives slightly more than a knockout dose, 
the healthy adjacent tissue tolerates this and 
thus escapes damage. 


CHART 


DosAGE QUOTIENT UNDER THREE CM. OF TISSUI 
Portal of Entry Focal Distance % 
9x 12cm 30 cm. 74% 
15cm 50 cm 86% 
50cm. 86% 
I5x15¢cm 80 cm. 00% 
Qx 12cm 100 cm. 90% 
15cm 100 cm. 03% 


The Newer 
That intensive radiation tor short periods 
is much more effective than smaller « 
longer periods is pretty generally 
and practical use is made of thes 
logical and biological findings. 


loses for 
nceded, 

patho- 
It holds true 
also, with small doses frequently 
that the period 


peated, 
derably 


nulative 


of latency is co! 
protracted, and furthermore a cu 


effect may be experienced producing chronic 


changes which are not at all desirable, either 
by stimulating the growth itself, o1 dam 
aging the healthy tissue. Great stress 1s laid 
upon the advisability of administering the 
entire lethal dose at one sitting. ‘here are, 
however, times when the entire d annot 


be administered in one dav. The condition ot 


the patient or the danger of absorption tox 
emia mav not admit of this. At a1 te 
efforts should be directed to admi1 ring < 


full lethal dose within a week. 


By way of summary I would like to draw 


special attention to the following nts: 


entgen Therapy in Cancet 2 


It is most essential that sufficient intensive 
roentgen or radium rays be administered to 
all parts of the cancer 
without damaging or destroying adjacent 
one part of the tumor 
receives a sublethal dose, failure and recur- 
rence is sure to follow 


knock out completely 


healthy tissue. If any 


To effect the most favorable conditions of 
radiation to the deeper tissues, proper filtra- 
tion, increase in the focal distance, and in- 
crease in the size of the portals of entry must 
be made use of. 

The determination of correct dosage com- 
prises knowledge of the clinical location of 
the tumor, its pathology, radiation dosage 
quotient, and absorption coefficient. 

From the personal 
technique in this 


application of this 
short period of time, I gain 
the impression that raying in the form of a 
complete knockout dose administered at one 
time will bring about better results in cancer 
therapy. 


| 


CLINICAL RESULTS FROM THE NEWER TECHNIQUE OF 
DEEP ROENTGENTHERAPY IN MALIGNANT DISEASES 


(GEORGE E. 


DY 


PHILADELPHIA, 


URING September, 1920, Drs. Cool- 

idge and Schmitz brought back to us 
from Germany the information that in Ger- 
many a greater amount of filtration was be- 
ing used in the treatment of deep-seated ma- 
lignant disease, with the source of rays at a 
greater distance from the skin and with the 
use of a higher voltage. The impression of 
the few men who had the privilege of visit- 
ing the German clinics was that more satis- 
factory results were obtained from this 
technique than from the lighter technique 
used in this country. Our equipment in 
America did not permit an exact duplication 
of the technique used in Germany because 
our apparatus as built to-day will not gener- 
ate current at a voltage greater than 125,000, 
or at most 130,000. It seemed important, 
therefore, to whether the technique 
could be improved with our present appara- 
tus and then perhaps later to determine 
whether the results obtained by such im- 
provement would correspond to the results 
obtained in Germany. It is always desirable 
to proceed from the known to the unknown, 
and instead of jumping wildly from one 
technique into another of unknown quantity 
and unknown value, I proceeded by calcula- 
tions to transform my former technique for 
deep roentgentherapy into my present tech- 


see 


nique. Generally my former technique con- 
sisted milliamperes of current at 
126,000 volts, at a focal skin distance of 
20 cm. filtered through 6 millimeters of 
aluminum, for a period of 8 minutes. My 
present technique consists of the use of 
5 milliamperes at filtered 
through 10 millimeters of aluminum or glass, 
at a focal skin distance of cm., for a 
period of forty to fifty minutes. I find that 
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forty minutes will rarely give an erythei 
and that fifty minutes will generally give 
an erythema. This technique has been ck 
veloped gradually, in part by calculations 
in part by experimentation. 

| would like to add a caution at the begin- 
ning of this article and repeat it again 
the end: it is most important in every in- 
stance before the current is turned on that 


the filters be counted to make sure they ar 
in place, because if filtration is deficient this 
prolonged treatment will produce an incur- 
able burn. As a precaution against an acci 
dent I require that two people make observa- 
tions on the filters for every dose given. If 
the equipment is arranged for deep treatment 
only, so that this one uniform technique is 
used continually for all kinds of cases, then 
the filters can be permanently put in place 
and the precaution of counting will not be 
but in the roentgeno- 
logical laboratory the apparatus must be used 
for different purposes and 10 millimeters of 
filter is not always desirable, because it 
wastes energy unnecessarily. 


necessary, ceneral 


RELATIVE VALUE OF FILTERS 

In order that our technique be made 1 
derstandable it is necessary to know the rel: 
ative value of various filters. Several years 
ago, at one of these midwinter meetings of 
this Society, | recommended the use of glass 
instead of aluminum because the metal filters 
frécuently led to puncture of the Coolidg 
tubes. From a scale furnished by the Radiut 
Chemical Company of Pittsburgh, I ol 
served that glass had approximately the sam: 
Therefore by using 


glass we obtained a filter less likely to lead 


filter value as aluminum. 


~ Atlantic 
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to punctures of the tubes and that serves 
equally well for filters. For this purpose the 
ordinary glass used for photographic nega- 
tives was cut to the proper size. First of all 
we made a direct comparison of many layers 
of this glass and in our own laboratory 
found it to be uniform. | am told by Pro- 
fessor Shearer that glass is not uniform in 
its density, and therefore | caution others 
against the use of glass until it has been 
compared carefully with aluminum or some 
other standard, after which | believe that it 
can be used safely. For this purpose we took 
10 millimeters of aluminum and 10 milli- 
meters of glass and with the current such 
as 1s used for treatment above described we 
were able to prove that, at least so far as 
the photographic values are concerned, the 
two are equal. The exposures were made of 
1g, 4, “%, % and 1 second. In order to form 
some idea of the relative value of filters such 
as are used in Germany | then made a com- 
parison photographically of copper 


and 
aluminum. In Germany, as you will recall, 
they are using from 1% to 1 millimeter of 
copper as a filter. By my experiments I learn 
that 1% millimeter of copper is equal to 13 
millimeters of aluminum measured photo- 
graphically. 

With the above technique and with ex- 
posures lasting from forty to fifty minutes 
(and in a few cases I have given sixty 
minutes ), it is self-evident that it is undesir- 
able from every standpoint to limit our field 
of radiation to small areas such as we have 
been doing in the past. I think most of us 
have gradually increased the size of the field 


of exposure. When we consider that the 
smaller the field of radiation, the less the 
amount of secondary radiation, and since 


we must acknowledge that the secondary 
radiation probably does as much as the p/i- 
mary radiation towards destroying malig- 
nant disease, and in fact may be the sole 
cause of destruction of the malignant cells, 
the relative value of small areas and much 
cross-firing decreases. It is always desirable 
to cross-fire as much as possible providing 


we are actually cross-firing, but mere divi- 
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sion of the surface of the body into small 
areas, as I have often seen done, does not ac- 
tually increase the cross-fire value. For ex- 
ample, in the treatment of carcinoma of the 
uterus, it is my practice to treat the local dis- 
ease directly by radium and then to cross-fire 
through an area extending from the sym- 
physis pubis to the umbilicus and to the an- 
terior superior spines on each side, and either 
use this as one area for treatment or divide 
it into two. Then a similar dose is given 
through each lateral surface of the pelvis and 
one or two similar areas posteriorly. In this 
way all parts of the pelvis are irradiated and 
I have seen some most brilliant results. For 
example, a patient referred to me on Sep- 
tember 30, 1920, by Dr. Wm. R. Nicholson, 
was considered by him totally inoperable. 
The entire cervix, including the walls of the 
upper part of the vagina, were involved by 
the carcinoma, making a total area of malig- 
nant disease 7 or 8 cm. in diameter. She re- 
ceived 4200 milligram hours of radium treat- 
ment locally and two courses of «x-ray treat- 
ment consisting of four areas in each course 
during six weeks. At the end of two and a 
half months all evidence of disease had dis- 
appeared. Even in recurrent disease about 
the pelvis, with the above technique | have 
obtained results that | never seen 
equalled by my former technique. In recur- 
rent and metastatic disease of the breast and 


have 


in primary disease of the breast I have seen 
results which are far superior to those ob- 
tained by my former technique. In a few 
primary cases that for some reason were 
considered inoperable, I have seen all palp- 
able evidence of malignant disease of the 
breast including recurrent and metastatic 
nodules, disappear more rapidly and more 
satisfactorily than formerly. I have also seen 
recurrent nodules disappear that gave no re- 
sponse to the technique formerly used. 

I think all of us have made the observation 
in the treatment of malignant disease that 
unless a pronounced primary effect is ob- 
tained and the disease made to disappear 
within a few months, it often develops a 


resistance which is as great as that of the 
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surrounding tissues, and therefore it requires 
an amount of treatment necessary to destroy 
the malignant disease such as will also des- 
troy the surrounding healthy tissue. I be- 
lieve, therefore, that it is desirable in all in- 
stances to get as much treatment into the 
malignant disease within the first month or 
two as can be borne by the healthy tissues, 
and in this way the malignant disease is 
destroyed while it is yet more sensitive to 
radiation than the healthy tissue. For this 
reason | dislike treating a patient who has 
been inefficiently treated for several months 
and then referred to me because the disease 
has made progress. 

Another phase of this newer deep roent- 
gen therapy that cannot be ignored refers to 
the radiation sickness. Those who give small 
and frequent doses are less concerned about 
the radiation sickness. There is, however, 
nothing magical in anyone’s technique with 
regard to radiation sickness. It is probably 
a measure of the amount of radiation and the 
reaction of the tissues and the nervous sys- 
tem therefrom. Those who give little radia- 
tion will therefore have little radiation sick- 
ness. We immediately found, therefore, that 
as we increased the length of our exposures 
we also increased the radiation sickness, both 
in frequency and degree. We are hoping, by 
careful study of the subject, to learn how to 
overcome this condition; but for the present 
an increase of the interval between the treat- 
ments or doses given has been found to be 
our best safeguard. One cannot, however, | 
believe, obtain the same results by too much 
division of dosage; and if we use this deeper 
technique and at the same time attempt to 
give it in fractional the expense 
thereof will be correspondingly increased, 


doses, 


and unless most carefully managed may 
allow the cancer cells to mature and develop 
a greater resistance to the rays. As it is, the 
expense of giving a dose of the deeper 
therapy is greatly increased as compared 
with the former technique. One must, there- 
fore, keep the practical side in mind until 
more powerful equipment is developed and 


The Newer Technique of Deep Roentgen Therapy 


some means found of reducing the expense 
due not so much to apparatus, electricity, 
etc., as to human service. 

.With increase in the length of exposure 
one also encounters the increased danger of 
stray radiation and secondary radiation 
Therefore greater precautions are necessary 
to guard against leaking tube shields, or any 
other form of stray radiation. As a step in 
this direction, I have designed the protecting 
device previously described.’ If more power- 
ful apparatus is developed we must also keep 
in mind that with increased power comes 
increased danger, which necessarily calls for 
increased precautions. 

[ believe the technique above described to 
be a definite advance. It will probably be fur- 
ther modified and further developed, but so 
far it is adaptable to our present outfits, and 
if used with great caution greater beneficial 
results can be obtained. | think we may draw 
the following conclusions at present: 

1. Increased filtration, with increased 
focal skin distance, will increase the value 
of deep radiation as compared to the surface 
effect. 

2. By increasing the above two factors the 
time of radiation is greatly increased—prob- 
ably five-fold. This prolonged radiation in 
itself may be an important factor in pre- 
venting cell division and regeneration of the 
cancer cells. 

3. Radiation sickness is increased, and 
extra effort must be made to overcome this 
effect. 

4. The greatest caution must be observed 
in keeping the filters in place and at their 
full prescribed quantity. 

5. Increased protection is necessary 
both the patient and the operator. 


for 


6. The clinical results obtained from this 
new deeper technique excel those obtained 
formerly. 

1 \ New Device for Increasing the Protection of 
30th the Patient and the Roentgenologist. Presented 
before the Philadelphia 


Roentgen Society January 


13, 1921, and THE AMERICAN ROENTGEN KAY SOCIETY, 
January 29, 1921 


Atlantic City, N. J., 


A. NEW DEVICE FOR INCREASING THE PROTECTION 
OF BOTH THE PATIENT AND THE 
ROENTGENOLOGIST * 


ITH the increase of powel our @x- 


citing apparatus there has been a 
progressive increase in dangers both the 
patient and the roentgenologist. These dan- 
gers consist primarily of injuries from the 
high tension current to either patient or 
roentgenologist, and secondaril nd more 
insidiously the dangers from stt radia 
tion. With the death of one physician and 
two patients during the past tw rs from 
accidental contact with the high tension cir 
cuit it is incumbent upon us t Ize every 


means possible to eliminate such possibilities: 


while the device which is hers described 


briefly and illustrated more particularly may 
not give absolute security, it surely does give 
increased protection. It is import to see 
ot course, that there are no loose wires o1 
anv that are likelv to become loose: but there 
still remains the possibility that ing 

examination a patient may bring some part 
of his body within sparking distance of the 


high tension current, and we know that when 
the 


ordinar 


arc once starts through thi which 


ily is an insulator, but uch then 
becomes a conductor, a large amount of cur- 
rent can easily flow into the patient, and the 
results above referred to indicate the danger 
to both 
the patient and the operator has increased 
with the 
While these stray r 
as those applied directly to the pa 
treated, 
(which increases with the 


The danger from stray radiation 


increased voltage and _ filtration 


avs are never as strong 
rt being 
as we increase the time of exposure 
of filtra- 


escape of strav ravs through the 


amount 
tion), any 
opening in the glass shields becomes a serious 
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danger to both patient and r entgenologist ; 


and while the roentgenologist is farther 
away than the patient, he is exposed to these 
stray rays over so much longer period of 


time that they become a danger to him. For 


instance, most us who are now using 5 


milliamperes of current and 9 inch parallel 
spark gap, can give an ervthema dose of 
unfiltered rays in approximately one minute 


With 
f aluminum and 
12 inches the time is 


at a distance of & inches increased 


hltration to 10 millimeters 
increased distance t 
increased to minutes and 
only one-tenth 
ich radiation 
through the opening in th 


therefore, even thi or 


one-hundredth as comes 
olass bowl as is 
in the dia- 


us danger to both 


passed through the opening 
phragm, it becomes a seri: 
the patient and the operat 

\s a step towards overcoming these dan- 
made use of 


opaque rubber which contains approximatel\ 
| PI 


gers above described, I have 
1 and which has an insulat- 
$ inch spark. That 
is, it will force a spark to leap around the 
for a distance of 12 inches 
puncturing the rubber. But 
from the terminal « 


25 per cent of lea 
ing value equivalent to 
edge before 
since the distance 
if the tube to the top 
of the rubber is only 8 inches the actual 
insulation value is only about 4 inches, be- 
cause the current tends to creep along the 
rubber to about one half the air spark re- 
sistance. The rubber is about 3 millimeters 
thick, and is sold Hercules red rubber 
rubber, 12 inches by 
I8 inches, is attached CO 


as 
packing. A piece of this 
the base of the 


and is then curved over the ends 


diaphragm 
¢ M 


astern Section of 
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Fic. A (above). LATERAL ViEw, showing the opaque 
lead rubber curved about the ends of the tube and 
closing off the line of radiation through the open- 
ings in the tube. (1) The opaque rubber. (2) Re- 

inforcement layer. (3) Springs and hooks holding 
. the top of the lead rubber together across the top 
of the lead glass shield. 


Fic. B (middle). Front view of protective shield. 


Fic. C (below). Top view of protective shield. 


of the tubes and the wires, and is folded back 
towards the glass bowl so as to cover both 
the front and the back and at the same time 
to carry the wires upward 8 inches. The cen- 
tral portion of this rubber directly in front 
of the terminals of the tube is reinforced by 
another thickness of this rubber, 6 inches by 
6 inches, which increases the insulation and 
increases the protection against the roentgen 
ray. The upper ends of this rubber are 
fastened together by cords and small hooks 
so that they can be easily released when 
it is necessary to change the tube. The chang- 
ing of tubes is fortunately not so frequent 
as was necessary with the old type of gas 
tube, and therefore the inconvenience of 
making these connections is of secondary im- 
portance. This rubber protection can be 
adapted to any type of tube holder. At least, 
we have adapted it to six different types used 
in our laboratory and while I am only illus- 
trating one, a little ingenuity on the part of 
the roentgenologist or a mechanic will enable 
him to adapt the device to anyone’s use. 
The photographs have been made in three 
different views and I think illustrate the 
attachment and application better than I can 
do by description. On one tube stand we have 
found an advantage in extending the cords 
over a cross-piece resting on two posts which 
fit over the rim of the glass bowl or shield. 
This carries the support higher and makes 
the tension less upon the terminals of the 
tube. 

This protecting device moves easily with 
the tube holder and glass shield and is no 
inconvenience. While it does not give abso- 
lute protection either against the high ten- 
sion electric current, or the radiation, it is a 
good step in the right direction. 
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X-RAY TREATMENT OF PULMONARY TUBERCULOSIS* 
By WILL WILKINSON, M.D. 


PHOENIX, ARIZONA 


i JR the past decade x-ray men have been 

the cavalry of the great and splendid 
army of medical men, and I appreciate the 
honor of being made a member of a society 
all of whom are imbued with the “‘let’s go 
spirit. 


” 


It occurred to me that in one respect | 
am treading in the path of my illustrious 
confrere and fellow-townsman, Dr. Warner 
Watkins, usually starts something 
whenever he appears before you. It is a little 
surprising that «-ray therapy is a recognized 
treatment for glandular, bone, skin and peri- 
toneal tuberculosis, but little 
The sub- 
sternal lymph glands are usually the primary 
foci of infection, the the 
disease is complete or partial in proportion to 


who 


has been SO 


applied in chronic lung trouble 
and arrest of 
the fibrosis and calcification of chest lymph 
glands. Careful workers have very generally) 
reported success in the treatment of tuber- 
culous cervical glands. Why not give tuber- 
culous bronchial glands the same treatment ? 

The proven value of the x-rays in unre 
solved pneumonia has established its place 
in the treatment of this disease of the chest. 
Furthermore, it is admitted that it is the 
actinic rays of the sun that are responsible 
for the brilliant results of solar therapy in 
\lso we 


now know that the sun’s rays are physically 


all forms of tuberculous infection 


softer. | 


OT 


much 
believe the greater penetration 


the same as .-rays, only 
rays 
makes them especially valuable in the treat- 
ment of deep-seated tuberculous foci in the 
lungs, and that we are really putting sun- 
shine inside the chest. 

Dr. J. D. Gibson, of Denver, was one of 
the pioneers in x-ray therapy; he gives this 


remedy the foremost place in the complete 


arrest of his own lung disease some twenty 
vears ago. Since that time he has 1 ver 
*Read before the t meeting of the Pa t R 
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large clinical experience with .r-rays in office 
treatment of consumptives. After being in 
general practice in Phoenix, where about 
half my work was with tuberculous patients, 
[ had the opportunity of visiting Dr. Gibson. 
He showed me a large number of chest plates 
of his patients, and, with few exceptions, the 
cases that persisted in the treatment showed 
marked reduction in the substernal gland 
shadows. As I went over his case records 
and interviewed his patients, I was* con- 
vinced that they improved in appetite, weight 
and strength much more rapidly than my 
own tuberculous patients, or those of any 
practitioner with whose work I was familiar. 

In a recent article, Dr. Gibson says: “The 
fact is, the #-ray is probably the greatest 
blessing ever bestowed in one agent upon 
suffering humanity through the medical pro- 
fession. Y-ray diagnosis has saved its thous- 
ands, but radiotherapy when properly recog- 
nized will save its millions. It has a range 
of therapeutic effect from producing the 
gentle stimulation with slight hyperemia, on 
to over-stimulation and inhibition, until de- 
struction of tissues results.” 

Again, from the same paper: “I made the 
claim many vears ago that the opsonic index 
should be controlled and regulated by means 
of the x-ray. Dr. Crane, of Kalamazoo, and 
Dr. McCullough, of London, have sustained 
this contention. Later, I ascertained that 
with the hyperemia and engorgement pro- 
duced in tissues by the «x-ray, 
changes developed in the tissues which had 
for their final effect the creation of homo- 
logous vaccine from the antigens developed 
within the patients’ own tissues. These vac- 


means of 


cines, antitoxins and antibodies, generated in 


Nature’s own way, give us a most ideal 


autogenous vaccine.’ 
Other writers have called attention to the 
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improvement in lung trouble when only the 
cervical glands were being rayed, and at- 
tributed the benefit to autogenous vaccina- 
tion from the cervical glands. Dr. Gibson 
gives a series of blood counts made on a 
number of cases which show a decided in- 
crease in the mononuclear cells. 

A very interesting paper, entitled “Experi- 
mental Studies with Small Doses of X-Ray,” 
appeared in the Lancet of April 26, 1919. 
Dr. Russ and his coworkers studied their 
effects upon the blood and found the mono- 
nuclears more markedly affected than the 
reds or polynuclears. | quote at some length 
his results: 

“We have obtained identical results upon 
the lymphocytes with unscreened medium 
«-rays and with very hard rays screened by 
7 mm. of aluminum. 

“From the results of many experiments 
devised to determine the nature of the action 
of the +-rays on the lymphocytes, it-has been 
concluded that the action is a direct one upon 
these cells in circulation. One such experi- 
ment was as follows: 

“A rat completely screened by lead except 
for a region over the heart, was exposed to 
a parallel beam of «-rays; the exposure was 
adjusted so that the circulating blood should 
receive the same amount of x-rays as it 
would by exposing the whole animal for 
about one minute. The fall and recovery 
curves of the lymphocytes were obtained and 
charted. They were nearly identical. 

“The fact that the lymphocytes disappear 
from the circulation in such large numbers 
after an exposure lasting but two seconds 
leads us to doubt very strongly that this is 
due. to their destruction, especially as they 
reappear with great rapidity. It is not a 
direct local effect of the radiation upon the 
tissues, for no local accumulation occurs in 
the irradiated area, nor have we detected any 
alteration in the general distribution of the 
lvmphocytes through the lungs, liver or kid- 
neys, as they have been examined from this 
point of view. 

“If lymphocytes in vitro be given a dose 
one thousand times as large as that required 
for these effects in vivo, no degenerative 
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changes are detectable microscopically and 
no diminution in their numbers is observed. 

“A rat, when given a small dose of .-rays 
(twelve seconds) shows a 50 per cent reduc- 
tion of its circulating lymphocytes one hour 
later; then it begins to recover and in 
twenty-four or forty-eight hours is normal 
again. If the same dose is administered a 
fortnight later, a similar drop occurs, the re- 
covery is slightly delayed, but the numbers 
of lymphocytes finally reached is generally 
greater than at the beginning. Repeated ap- 
plication of such a small dose may result in a 
high degree of lymphocytosis. The circulat- 
ing lymphocytes in the two cases depicted 
have increased from 11,000 and 25,000 to 
112,000 and 117,000 per cm. respectively ; 
corresponding counts for the polynuclear 
leucocytes were initially 5,000 and 5,000, 
terminating in 10,000 and 14,000 per cm. 
respectively. 

“There is clear evidence of instability in 
the blood contents of these irradiated ani- 
mals, but the number of lymphocytes rarely 
drops so low as the normal level, even several 
months after the exposures have ceased. 

“Exactly what are the best radiation con- 
ditions for the production of this lymphocy- 
tosis it is not yet possible to say. Large doses 
may eventually produce the condition, but 
are to be avoided, owing to their injurious 
nature. It is uncertain, at present, whether 
a small dose repeated at very short intervals 
produces the result. One batch of eleven 
animals was given small daily doses (twelve 
seconds) over a period of two months. The 
average of the lymphocyte counts before ir- 
radiation was 19,000; three days after the 
last dose of .v-rays, it was 27,000, and no 
marked rise was detected later, although 
counts were made upon some of the animals 
for another two months. 

“It has been shown in a previous publica- 
tion by two of us that when sarcoma cells 
(Jensen’s rat sarcoma) are inoculated into 
rats which had been previously immunized, 
the failure of the sarcoma to grow is asso- 
ciated with some special activity on the part 
of the lymphocytes. 


“The further experimental fact acquired 
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was that if immune rats were given a dose of 
x-rays sufficiently large to cause and main- 
tain a marked lymphopenia, then such 1m- 
mune animals became once more susceptible 
to the growth of the sarcoma.” 

X-ray workers have become sterile, and 
we are able to induce the menopause and 
sterility in women, whenever indicated. It 
may be that the repr ductive power of the 
tubercle bacillus is reduced by the Gibson 
method of «-ray treatment and its virulence 
destré 

During the past seven years, | have been 
treating consumptives with -rays and most 
of them were decidedly benefited. | have also 
had a success in 


= 


relieving winter 


coughs which would not respond to cough 


mixtures. Three to six exposures on alter- 
nate days are usually sufficient in these cases. 

As an illustration, I cite the case of a 
young mining engineer who for four years 
after coming to Arizona did not improve 
greatly and was unable to work. In the fall 
of 1913, I gave him a three months’ course 
of x-ray treatment. There was marked im- 
provement in cough, and pulse dropped to 
eighty ; by early spring he went to work and 
has not lost much time since. Last fall and 
winter he took another course of treatment, 
of five months’ duration, with decided bene- 
fit in his general condition. The radiographs 
of his chest showed marked increase in peri- 
bronchial with scattered 


fibrosis, areas ol 
calcification and diminution in the width of 


the hilus shadow. 


TECHNIQUE 


We give treatments three times a week, 
alternately exposing the anterior and the 
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posterior chest, using 2 to 3 ma., 6 in. spark, 
15 in. distance, 5 to 10 minutes time, and 
3 mm. of aluminum as filter. In many cases, 
we begin with a dose somewhat less than 
the above, especially if the case has rapid 
heart and slight temperature, applying the 
lesson taught by heliotherapy, that the tu- 
berculous patient must begin with very short 
sun baths. 

To sum up, we believe that when +-ray 
therapy is properly used in incipient tubercu- 
losis, especially with those who have im- 
proved or are at a standstill, most of them 
will be decidedly benefited. As in pneumonia, 
inflammation and congestion are relieved, 
adhesions are absorbed to some extent, 
lymphocytes are increased, infected lymph 
glands become shriveled and cease to be foci 
of infection. Fibrosis and calcification are 
promoted, the pulse rate is lowered, and the 
blood pressure approaches normal. With the 
improved circulation and elimination, pa- 
tients sleep and eat better and gain in weight. 
Expectoration becomes at first freer and 
then thinner and gradually decreases. The 
cases progress toward complete arrest much 
more rapidly than they would without the 
x-ray therapy. 

Later, we hope to be able to report a series 
of cases with blood and x-ray findings be- 
fore, during and after courses of +-ray 
treatments. 


| Nott 


5 ma., 9s. g., 15 in Tg. Sk. and 3 to 6 minutes 
time, according to temperature reaction of pa- 


The technique we are now using is 


tient. We do not want more of a reaction than 
that of a light vaccination. This dose is given 
two or three 


times a week, alternately an- 


teriorly and posteriorly. 


A ROENTGEN STUDY OF DUST INHALATION IN THE 
GRANITE INDUSTRY* 
By D. C. JARVIS, M.D. 


BARRE, VERMONT 


ARRE, Vermont, being the largest gran- 

ite center in the world, the opportunity 
to study granite dust inhalation is excep- 
tional. A permanent residence in Barre rules 
out the time factor and makes it possible to 
carry the work to any conclusion thought 
advisable. Practicing eye, ear, nose and 
throat for the past twelve years among 
granite cutters, one’s attention could not fail 
to be focused sooner or later on their respira- 
tory troubles, and becoming interested in 
the problem a hospital transformer was pur- 
chased in 1917 for office use in the hope that 
with its assistance some knowledge might be 
gained of the chest condition of these men 


INTRODUCTION 


The accumulation of cases was slow and 
the advent of The National Tuberculosis As- 
sociation in the field during 1919 was wel- 
comed. Through its Committee on Mortality 
from Tuberculosis in the Dusty Trades, an 
investigation of the granite industry was 
started, because it was thought that the gran- 
ite industry of all the dusty trades would 
show the highest mortality from tubercu- 
losis. The investigation was divided into 
three phases: a statistical inquiry, a mechani- 
cal process inquiry, and the medical exam- 
inations. Dr. Edward R. Baldwin of Saranac 
Lake is chairman of the medical work, and 
the writer wishes at this time to acknowledge 
his unfailing encouragement and helpful 
guidance which has made this work possible. 
for there are many things to be done in an 
investigation of this kind before 1240 men 
are interested and vote to appear for the 
actual work. Through the trving prelimin- 
aries when the work hung in the balance Dr. 
Baldwin’s assistance was invaluable. The 


*Read by invitation at the Twenty-first Annual Meeting 


Senter 


writer owes a debt of gratitude to Dr. Ken- 
non Dunham for blazing the trail, as his 
work saved much valuable time, labor and 
worry. Without Prof. William Snow Mil- 
ler’s work on anatomy of the lungs, which 
was at hand for reference and study, some of 
the observations recorded would have been 
impossible. The granite cutters have shown 
a remarkable spirit of cooperation. They did 
not appear because of any illness, but came 
up for examination in routine order by pre- 
vious arrangement. Many of them had never 
had occasion to consult a physician before. 
They were all able to work and considered 
themselves in good health. As the work pro- 
gressed serial films of these men were sug- 
gested and from the helpfulness received 
from the few cases studied serially it seems 
advisable to extend the serial idea to a 
greater number. Ten years will probably be 
consumed before conclusions can be drawn, 
so at this time a preliminary report is pre- 
sented on the 386 men thus far examined. 
This number have all been taken stereo- 
scopically, and it is planned to continue the 
examinations until 1,000 have heen ex- 
amined 

Nature of Report-—There are so many 
points worthy of detailed discussion that at 
this time only a survey of the general factors 
influencing the appearance of the films will 
be considered. As soon as possible separate 
studies of the apices, annular shadows, medi- 
astinum, heart shadow, hilus, diaphragm, 
and Dunham’s fans will be reported, but in 
the present paper only a general development 
of the lung lesion will be considered. 


REVIEW OF LITERATURE 


Roentgenological.—In this country at least 


AMERICAN ROEN Ray Socrety, Minneapolis, Mir 
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very little seems to have been done in system- 
atically investigating a dusty trade by means 
of the roentgen ray. The work at Barre’ 
represents the first work of the Committee 
on Mortality from Tuberculosis in the Dusty 
Trades. The only other investigation is rep- 
resented by the valuable contribution to be 
found in Umited States Health Bulletin No. 


8&5, issued January, 1917, comprising A 
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reference to the roentgenographic appear- 
ance of the lungs in dust inhalation except in 
Barker’s article in Monographic Medicine in 
which a brief reference was made. He states 
that the text books on roentgenography con- 
sulted were all silent except Robert Knox 
and Rieder. He was able to find only one 
journal article, and that by a German writer 
who reported five cases. In 1918, in the 


Fig. 1 (130). Exposure eightee 


irs. Granite 
Pneumoconiosis stage B. Not peribronchial 
thickening which is so commo1 


yranite cutters 


with complete absence of constitut symptoms 
Clinical Study of 433 Cases of Miu 
sumption among Zinc Aline 
western Missouri, by A. J. Lanza, with a 
chapter on Roentgen Ray Findings in 150 
Cases, by Dr. Samuel B. Childs of Denver. 
In Tie AMERICAN JOURNAL OF ROENTGEN- 
oLoGy for June, 1917, Dr. W. W. Boardman 
reported three cases dealing with dust inhala- 
tion. After a thorough search of the litera- 
ture he comments on the fact it it seems 
to be remarkably free from discussio1 
of this subject. He states that in the standard 
works on clinical medicine there was 


Fig. 2 (355). Exposure eighteen years. Granite 

Pneumoconiosis stage C, 
March number of THE AMERICAN JOURNAL 
OF ROENTGENOLOGY, Pancoast, Miller and 
Landis reported 137 cases gathered from 
eight industries. Abroad one finds The Gen- 
eral Report of the Miners’ Phthisis Preven- 
tion Committee of South Africa, published 
under date of March 15, 1916. In this report 
of 189 pages only three and one half are 
devoted to a report of the 8,000 radiographic 
examinations made. It is not stated whether 
the exposures were made stereoscopically or 
not. The work of Collis? in England devotes 
very little space to the roentgenographic 
phase, being more in the nature of a statis- 
tical study. 


| 
| 
| 366 
| 
4 | 


240 Roentgen Study of Dust Inhalation in the Granite Industry 


Pathological.—The South African Report 
states that “it is important to understand 
the distribution of the lymphatic channels 
since it is by their means that dust particles 
which have been conveyed into the lung are 
distributed through the organ.” Intermediate 
silicosis may be defined as a diffuse fibrosis 
due to the gradual accumulation of mineral 


Fig. 3 (129). Granite fibroid pneumoconiosis stage A. 
Exposure twenty-five years. 


particles in the lymphatic capillaries as a 
result of chronic obstruction of the lympha- 
tic circulation. Dr. LeRoy Gardner of Sar- 
anac Lake Laboratory is in charge of the 
pathological work connected with the investi- 
gation and the following extract is from his 
paper read before The National Tuberculosis 
Association at its annual meeting in 1920: 
“In guinea pigs after about three weeks’ 
exposure small amounts of dust may be 
found enclosed in mononuclear intro-alveo- 
lar cells which often show mitotic figures. 
These cells are scattered everywhere in the 
alveoli from the pleura to the hilum. At 
about two months some of these intra-alveo- 
lar cells have begun to mobilize and have 
formed considerable collections of cells often 


so closely packed as to simulate giant cells. 
These cell masses lie in the alveoli along the 
course of the ductuli alveolares and about 
and within the small lymphoid collections 
occurring in the periphery of the lungs. As 
Miller has shown, such collections occur at 
the distal ends of the ductuli alveolares and 
at the division points of the vessels. Dust 
has already passed through the lung and 
lodged in small amounts in the tracheo- 
bronchial lymphatics. From three to seven 
months the same process continues with a 
steady increase in the amount of dust de- 
posit. The invasion of the lymphoid tissue 
of the lung is more extensive and the larger 
nodules at the bifurcation of the bronchioles 
and bronchi become involved. All of the 
lymphoid tissue of the lung becomes very 
active and mitotic figures are very common 


‘even in the normally small peripheral collec- 


tions. If the animal be set aside after dust 
exposure the lung makes rapid and effective 
effort to rid itself of the irritant. The clear- 
ing process has only been observed up to 
three months in animals dusted for seven 
months previously, but at that time practic- 
ally all the dust is collected within large 
aggregations of round or oval mononuclear 
cells which lie in the immediate vicinity of 
much enlarged Ivmph nodules. Heavy de- 
posits occur within such nodules and within 
the tracheo-bronchial lymph nodes. 


Composition of Barre Granite: 


Silicon Dioxide ........... 69.50 
\luminum Oxide 15.38 
Magnesia Oxide........... Trace 
Sodium Oxide 5.38 
Potassium Oxide 
\langanese » ave 


Loss on ignition, CO, and moisture 1.02 


100.00 
“According to Gardner* when examined 
under the microscope the unscreened dust 
may be roughly divided into large and small 
particles. The former, which could not possi- 
bly be concerned in an inhalation experiment, 
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27). Exposure thirty-three years. Working every day. Granite fibroid pneumoconiosis stage 


C. Only symptoms slight cough, slight expectoration. Physical examination negative. 
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show an average size of 82 by 84 microns 

(ocular micrometer measurement). The 
smaller particles average 4.3 by 6.3 microns 
with a minimum of .028 by 1.4 microns by 
actual measurement. In shape the particles 
may vary greatly. Some are flattened poly- 
gonal masses with sharply cut edges and cor- 
ners. Others are rod-shaped, often slightly 
curved, with sharply horizontal or square cut 
ends. Frequent vegetable cells and fibers are 
noted.”’ 

Samples of dust resulting from the use 
of the pneumatic tool have been examined 
by means of a small giant magnet made by 
the Victor X-Ray Corporation, and consid- 
erable steel has been extracted from a given 
quantity by means of the magnet, 2 drams of 
granite dust yielding 2 grains of steel. From 
this experiment it will be seen that we are 
dealing with two kinds of dust, that from the 
stone being worked and that from the tool 
used in working it, giving rise not only to a 
silicosis but to a siderosis as well. 


PRESENT PROBLEM 


In 1915, we find in Barre 2,050 granite 
cutters working, while in 1919 we find only 
1240. The question suggesting itself whether 
this condition was peculiar to Barre alone, 
the total number of cutters for the United 
States was investigated and it was found 
that there was a corresponding diminution 
in the number of cutters throughout the 
whole country. For a number of vears before 
the war immigration showed a decrease, and 
for the same number of years the number of 
entering apprentices was also very small. 
The statistician returned the report that an 
analysis of the death certificates for the past 
twenty vears in Washington County indi- 
cated that 86 per cent of the cutters died from 
tuberculosis. The roentgen ray study was 
undertaken to assist in determining the inci- 
dence of tuberculosis among living cutters. 

Technique.—It was annoying to develop 
the films of the cutters taken during the day 
only to find that there was such a variation 
in the qualitv. Exposures were made basing 


the changes in technique upon the difference 


in weight that the men presented, but this 
necessitated so much attention to the details 
of developing, offsetting over -exposure in 
some instances and under-exposure in others, 
that it was finally decided to make every fac- 
tor constant except that of time, and a de- 
tailed set of measurements was instituted in 
order to discover if possible a measurement 
or measurements upon which exposure time 
might be based. Measurements were taken 
as follows: From the fifth dorsal vertebra 
by means of a pelvimeter to a corresponding 
point upon the sternum, from the left nipple 
to a corresponding point upon the scapula, 
from the sixth rib in the axilla to a corres- 
ponding point in the opposite axilla. These 
measurements were entered in the appropri- 
ate columns and with them the weight and 
height. The films were then developed in 
astman developer, using standard time and 
temperature, and the results noted. Two hun- 
dred and thirty-five sets were necessary be- 
fore the table was worked out, and the day’s 
work showed uniform quality regardless of 
weight or height. At first thought it was felt 
that the measurement through that part of 
the chest representing lung area would 
the most satisfactory, but with the complete 
data at hand whenever the fifth-dorsal-to- 
sternum measurement coincided in the day’s 
work the films showed the same quality, but 
when other measurements coincided the 
quality varied greatly. By means of a pelvi- 
meter the chest expansion was watched in the 
areas representing the original measurements 
and it was found that the spine-to-sternum 
measurement changed very little, while th« 
variation of the scapula-to-nipple measure- 
ment was influenced by the position of arms 
and inspiration. Consequently the fifth- 
dorsal-to-sternum measurement was adopted 
as the basis of estimating the patient's ex- 
posure time. These cutters were a splendid 
tvpe physically, and while the table has beet 
worked out on these muscular men it stil! 
holds good for the patients coming in thi 
ordinary office practice. The technique ts as 
follows: 

Spark Gap—31'2 inches. 
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Coolidge 30 M. A. Tube run at exactly 30 
M. A., the hand being on the tube rheostat 
constantly during the exposure to make 
any adjustment needed at once. 

Distance from tube target to film using up- 

right stereoscopic shift 30 inches. 

Developer time 5 minutes. 

Temperature of Eastman developer 66° F. 
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the junction of the lower third with the 
middle third selected as the point for the 
passing of the principal ray of the second 
exposure. The tube stand is then elevated as 
usual for the first exposure. To avoid the 
clavicle in the apical region the suggestion 
of Dr. Bray of Raybrook Sanatorium has 
been adopted, namely, that of having the 


Fig. 5 (389). Fifty-two years of age, working every 
day. Exposure twenty-eight years. 


swimmer, his last race 


\ professional 
being at age of 


thirty years, 
and the distance one mile. 


Sputum negative. Physi- 
al examination negative 


No symptoms 


Using the above constants the following 
measurements and time produced results: 


RSA STERN 
7 Swrtch 
8 inches onds 
inches 5 econds 


through which to pass the principal ray of 


the second exposure the lung is percussed 


down to absolute dullness on the back and 


Fig. 6 
peated examination of 
dullness all 


(A.S.—11-5-20). Exposur« Re- 
sputum negative. Marked 


Deficient breathing. Scat- 


fifty years. 


over 


tere d bronchi. 


hips grasped between the thumb and fore- 
finger of each hand and the shoulders thrown 
forward without elevation against the stereo 
shift. The patient is given a toy noise-maker 
such as is used when showing lantern slides, 
and is directed to signal as taught by Mr. 
Sampson of Trudeau Sanatorium when pa- 
tient has taken a moderately deep breath and 
is ready to cooperate by holding it during 
the time necessary to secure both views of 
the stereo set. Patient signals when told that 
operator is all ready and is not allowed to 
breathe between the exposures of the stereo- 
scopic set. 


Classification of Films.—An effort was 
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made to prove that these men had tubercu- 
losis, but not being able to do this it was 
found necessary to accept the diagnosis of 
pneumoconiosis, and a continued study of 
the films seems to bear out this diagnosis. A 
classification being more or less imperative 
in order that the films be studied systematic- 
ally the following was decided upon: 


Granite Pneumoconiosis Stage A 

Granite Pneumoconiosis Stage B 

Granite Pneumoconiosis Stage C 

Granite Fibroid Pneumoconiosis Stage A 
Granite Fibroid Pneumoconiosis Stage B 
Granite Fibroid Pneumoconiosis Stage C 
Granite Tuberculous Pneumoconiosis Stage A 
Granite Tuberculous Pneumoconiosis Stage B 
Granite Tuberculous Pneumocontosis Stage ( 


It seems advisable to use the term Pneu- 
moconiosis, as the two Greek words from 
which it is derived signify Lung Dust, which 
really represents the condition being studied 
while the term Phthisis is apt to convey as 
many meanings as it has pronounciations 
While the term Silicosis has been used it 
seems advisable in the interest of efficiency to 
use the term Pneumoconiosis and in connec- 
tion with the qualifying adjective Granite, as 
the term Granite Pneumoconiosis suggests 
at once the nature of the lung lesion under 
consideration, the manufacturing process. 
percentage of silicon dioxide in the dust and 
the tvpe of workman. The second classifica- 
tion, Granite Fibroid Pneumoconiosis, sug- 
gests not only the nature of the lung lesion 
and the industry in which it occurs but also 
the progress which the lesion has made. The 
third classification, Granite Tuberculous 
Pneumoconiosis, suggests the causative fac- 
tor in producing the original lung lesion, the 
industry responsible for the lesion and the 
fact that tuberculosis has been superimposed 
upon pneumoconiosis. Taking up the various 
subdivisions under each main classification 
we first consider “Stage A” under the classifi- 
cation “Granite Pneumoconiosis.”” The films 
coming under this have a hilus density easily 
discernible and linear markings going to the 
first and second interspaces and increased 


perivascular markings in the bases. It is 
found that even outside of the industry the 
Barre residents examined as controls fall 
into this class as we have a dust hazard in the 
general atmosphere of the town, “Stage B” 
includes films that show linear markings ra- 
diating in all directions from the hilus t 
every part of the lung reaching almost to th: 
periphery. “Stage C” in addition to the above 
shows a homogenous haziness over each lung 
between the linear markings. Under the clas 
sification “Granite Fibroid Pneumoconiosis 
Stage A” are included films showing 
fibroid area not larger than 3 centimeters, 
“Stage B” films showing a fibroid area not 
larger than 6 centimeters, and “Stage C” 
films showing fibroid areas larger than 
centimeters in their longest diameter. Th 
classification “Granite Tuberculous Pneum 
coniosis Stage A” represents minimal tuber 
culosis, “Stage B’ moderately advanced and 
“Stage C” far advanced tuberculosis super 
imposed on granite pneumoconiosis. 

Dust Exposure Periods of Men E. 
amined.—The length of time that granit 
dust had been inhaled was represented I 
four months in one cutter and the maximut 
time by fifty vears in another. 


FACTORS INFLUENCING THE APPEARANCE O 


FILMS 


Mouth Breathing as a Factor.—\t was 
most perplexing to find cutters with equal 
number of exposure vears and working 
under the same conditions showing such 
marked differences in the appearance of th« 
films. It became quite evident that given th 
number of exposure-vears one could not even 
hazard a shrewd guess with any degree of 
success as to the probable appearance of the 
x-ray film. According to the experience of 
Watt, Irving Johnson and Steuart’ the 
mouth-breather is more apt to develop silt 
cosis than one who employs nasal respira- 
tion. Particular interest has been taken in 
keeping detailed data of the upper part of the 
respiratory tract, hoping to show the influ 


ence the nose and throat played in the de- 
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veloping of pneumoconiosis. All 
will be reported at another time, 


this data 
but it is 
sufficient to say that the defensive mechan- 


ism of the upper respiratory tract breaks 
down fairly early in granite dust inhalation. 


\n adaptation of the upper resipratory tract 


to occupation takes place, an anesthesia of 
the tract developing as evidenced by the in 
ability of a cutter to feel a pencil point when 


drawn across his pharynx. One may hold 
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mouth-breathing were separated from those 
showing nasal breathing, and a study was 
made comparing them with other films of the 
same exposure-period, with the result that 
one cannot help but observe that the films 
belonging to the mouth-breathers show a 
lesser lung lesion than nasal breathers. The 
explanation is that the usual curve of the 
inspired air is broken by mouth-breathing 
and the dust impinging upon the posterior 


Fig. 7 


(185). Exposure 


thirty years. Aml 
both oO} chest 


idextrous 
Even le Sion side S 
for an 
indefinite length of time, the cutter stating 


throat mirror in viewing the larynx 
that he feels nothing in his throat. In view 
of these facts one wonders how efficient the 
cilia are, and with the sensory nerve end- 
ings of the trachea and bronchi anesthetized 
by adaptation to occupation there is absence 
of cough of irritation, thus encouraging the 
dust to remain in the lungs. Particular at- 
tention has been paid to noticing whether the 
men coughed while undergoing the examina- 
tion work connected with the «-ray phase, 
and one could not fail to observe the almost 
entire absence of coughing among the men 
The films belonging to the cutters showing 


Fig. & (58). Exposure twenty-seven vears. Showing 


basal condition starting in left base. Notice calci- 


fication of ribs so common in cutters. 


pharyngeal wall is expectorated as soon as 
the accumulation warrants it, or is swal- 
lowed, with the result that very little of it 
reaches the trachea and the lungs are con- 
sequently spared 

Nationality as a Factor.—It was noticed 
while looking over an accumulation of films 
representing several days’ work that a fairly 
large number of them showed less density 
than the others. This seemed strange because 
the cutters appearing for examination during 
the three-day period represented were all 
men with an advanced exposure history. 
Laving the better films aside and referring 


58 
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to the examination blanks it was discovered 
that the majority of these films were those 
belonging to Italians. It being felt that the 
constant viewing of films had blurred one’s 
ability to appreciate different densities, the 
films were taken to a granite manufacturer 
with the request that he look them over and 
lay aside those showing less white in the 
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tries not so dusty. It cannot be denied that 
in the granite industry at least the Irish 
are punished severely, and it is a question 
whether they should be in a dusty trade— 
certainly not in the granite industry, as they 
represent a hazard under the present work- 
ing conditions and should not be accepted as 
apprentices. In looking about for an explana- 


Fig. 9 (177). Exposure fifteen years. Showing right 
basal condition just starting. 


lung field, paying no attention to shadows 
which represented the heart, ribs, etc. To my 
surprise his collection of films which he 
designated as better contained those of the 
Italians. Ten nationalities are represented in 
the examination work and the films were 
now studied from this angle with the result 
that they were found to line up somewhat 


as follows in order of excellence: Italians, 
Americans, English, Spaniards, Scotch, 
Swedes, Norwiegans, Danes, French and 


Irish. You will notice that there is a geo- 
graphical distribution of these races, many of 
the better ones living in Southern Europe 
and many of those along the last of the list 
living in Northern Europe. They may be 
also classified on the basis of those living 
in dusty countries and those living in coun- 


Fig. 10 (750). Right basal condition farther ad- 
vanced. Exposure thirty years. Patient died two 
months later. Death occurred suddenly during 


night. Cardinal symptom was dyspnea 


tion of the difference in susceptibility of the 
different nationalities one has a feeling that 
in the chests of the Italians the dust is 
filtered out so rapidly that it never is other 
than an irritant, while in the Irish for ex- 
ample it passes the irritant stage and _ be- 
comes a foreign body. 

Occupational Position as a Factor.—In 
studying the films two areas always showed 
an increase in density in linear markings in 
earlier stages, and as the lung lesion ad- 
vanced this difference in density held good 
up to the point where the whole lung area 
on both sides was involved. These areas of 
increased density were represented by the 
portion of the lung field just below the left 


3\9R 
a 
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clavicle and at the right base. In endeavoring 
these 
situations the occupational position of the 


to explain this increased density in 
men was studied and it was found that the 
pneumatic tool they use vibrates 3,200 times 
1 minute, basal 


support that the tool might be used to the 


and in order to secure a 
best advantage the upper part of the right 


thest is compressed by the right arm and 


elbow and the lower part of the left chest is 
compressed by the left elbow and forearm. 
Chis apparently limits the respiratory action 
tf the portions of the chest, and palpation 
f the same at work shows limited expansion 
allowing 


in the compressed areas thus ¢ more 


lust to find a resting place in that portion of 


receiving most air. It has 


the lung been 
stated by other observers that the progress 
it the lung lesion was greater on the right 
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ing the part of the lung in which a lung 
lesion from inhalation of granite dust has its 
inception, 
EVIDENCE GAINED FROM NON-SERIAL FILMS 

In a work of this kind one must of neces- 
sity study non-serial films, because it takes a 
cutter thirty years to produce a lung lesion 
vhich would be diagnosed if he had consti- 
tutional symptoms as lobar pneumonia. It 
takes him between twenty and twenty-five 
years to produce a lung lesion which would 
he diagnosed as broncho-pneumonia if he 
had constitutional symptoms. It is mant- 
festly 


cutter by means of serial films through thirty 


impossible to follow an individual 


vears of granite dust inhalation. For labor 


turnover, the migratory nature of the cutter 


Fig, II thirty-two vears. Showing 


basal condition No 


Exposure 


(319) 


progress of right mptoms 


side below the clay icle, but the experience in 


Barre would lead one to suspect that the 
occupational position of the workers ex- 
amined was different from that of the 
granite cutters. It would seem, then, that 


1 


ccupational position is a factor in determin- 


Fig. 12 ( 


ember &, 


270). Exposure thirty-five 


1919. Notice right 


vears. Taken Sep- 
hasal condition. 

and the ever recurring strikes necessitating 
his seeking employment in other industries 
for the time being at least, and from which 
he often fails to return if the occupational 
environment is congenial, are conditions in- 
compatible with serial films extending over 


? 
all 
> 
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Fig. 13 (No. 160). Same patient as Fig. 12. Taken after two months’ absence from granite industry 


Note change i1 appearance right 


4 
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Fig I4 (375). Same patient as Fi 


ys. 12 and 13 Taken five months after re-entering granite in- 


dustry. Notice reappearat ot right basal condition, on exposure again to dust 


xe 
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any period of time. An effort is being made 
to select men who for various reasons will 
be expected to retain a permanent residence 
in Barre and take them serially, so that in 
the same individual the lung lesion may be 
traced from stage to stage. It is hoped to 
continue this until at least the pathological 
process observed in one cutter overlaps that 
seen in another. In the few instances where 
it has been possible to observe the lung lesion 
by means of serial films of the same cutter, 
the evidence has borne out the inferences 
made by studying several hundred non-serial 
films. 

It is quite evident from this study why it 
is impossible to describe a normal or 
standard hilus. It would be as difficult as 
to describe a normal day or a normal 
reading of an outside thermometer. We 
learn to vary our sense of normal with 
the changing seasons of the vear. In like 
manner we learn to vary our sense of normal 
so far as a hilus is concerned as the respira- 
tory environment of the individual changes. 
\ normal hilus for a granite worker ts never 
seen because his intake of dust is changing 
from week to week, especially if he is ex- 
perienced enough in the work to be an all 
around man. If he is he uses varving pro 
cesses of creating the finished pre xluct, de 
pending upon the process he is detailed to 
for the time being. So one does not try after 
a while to describe a normal hilus, but rather 
looks upon the hilus as his lung indicator, 
telling what has gone on before and what 
is now going on. The hilus then represents 
the peripheral reception of the irritant, and 
in the case of the granite cutter it is a me- 
chanical one with no ability to proliferate 
and no ability to pr «luce toxic pr xlucts for 
absorption with their production of constitu- 
tional symptoms. 

The pathology seems to be the same 
whether the irritant is mechanical or bac- 
terial, only in case it is bacterial the lung 
lesion is accelerated so that in a few davs 
or a year at most results are produced that 
it takes years to produce with a mechanical 
irritant. In proportion to the amount of dust 


that is brought to the periphery of the lung 
by way of aspiration, in like proportion will 
the hilus show a change in increased area and 
density. On this point we feel sure, because 
we have seen in the same cutter the hilus 
diminish in size because the cutter was 
obliged to loaf owing to a severe eye injury, 
and on his return to the industry we have 
seen the hilus increase to the original size 
when inhalation of dust was resumed. With 
the hilus the lymph node nearest the hilus 
underwent a change, emptying during the 
loafing period and taking on its function and 
reappearing upon the film when work was 
resumed. These observations lead us to be- 
lieve that the extension of the lesion is not 
from the hilus outward per se, but rather 
that the lesion is peripheral all the time, and 
the hilus change as to speed shows us how 
great the peripheral severity is. 

\s the hilus continues to act as an in- 
dicator of the dust brought to the tracheo- 
bronchial Ivmph nodes by the Iwmphati 
system of the lungs, there comes a time when 
the first set of Ilvmph nodes external to the 
hilus take on their function, being visible to 
the eve on the film as the cervical lymph 
nodes are palpable when thev take on their 
function. .\s the study extends we are able 
to make out three sets of these nodes from 
hilus to periphery. For the sake of descrip- 


tion these Ivmph nodes have been calle 


alled 
“medial set’? and ‘‘distal 
al 


set.” Now using one of these proxima 


“pr ximal Set. 


Ivmph nodules, as we shall call them, for an 


apex of a triangular area, we shall find the 
base formed by two medial nodules of the 
same character. In turn using one of these 
medial nodules for an apex we shall again 
see the base of a triangular area formed by 
two lymph nodes, but this time they will be 
those of the distal set. The sides of these 
triangles are formed by linear densities. 
From these triangular areas which at first 
contain the lung markings seen in the lung 
as a whole, we see Dunham’s fans develop 


[f one is at all skeptical about the occurrence 
of Dunham’s fans he will soon have that 
skepticism removed if he studies the films of 
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pneumoconiosis Of a number of workers, for 


they are seen bilateral and in 


almost any part of the lung. The right lung 


unilateral, 


from apex to base seems to be able to 
accommodate five at one time with the 
bases to the pleura and_ the ices t 

the hilus in all except the lowest, which 
has its apex pointing toward the = dia- 


Bilateral 


nterspace 


Fig. 15 (166). Exposure twenty-eight yea 
Dunham's fans 
trunk both sides 


] 
INVOIVING 


CAC h 


phragm. If one lays aside all of the films 
having a fan in the same area and then 
studies them the evolution of one of these 
fans will be watched until it occupies prac- 
tically the entire upper left lobe with a stem 
extending back to the hilus as large around 
as a pencil. One has a feeling as the linear 
markings are studied that they are perivas- 
cular rather than peribronchial, because in 
cutters exposed for twenty vears and then 
out of the industry for a period greater than 
five vears, the bronchial twigs can be made 
out as an area of lesser density to the inner 
side of the markings. The inner 
boundary of the bronchial twig is seen as a 


linear 


thin white line, but there is no area of greater 
density accompanying it. These bronchial 


twigs can be followed quite a distance out 
into the lung structure. In regard to what is 
spoken of as peribronchial thickening we 
have seen it change during the ten weeks’ 
strike in 1920, becoming lessened in width 
and irregular in border as the dust deposit 
was unevenly moved on to the hilus. 
Considering the 


lung lesion as it affects 


Fig. 16 (91). Exposure twenty-six years. Stage 5 of 


one of Dunham’s fans. Note the pleural detour. 


the proximal medial and distal sets of lymph 
nodules described, we first notice the proxi- 
mal node appearing when the hilus has in- 
creased in width, reaching near this nodule. 
\t first this nodule looks like the end of a 
cotton wound applicator and is adjacent to a 
bronchus on end. From its size of about six 
im. in diameter it increases until it takes on 
the appearance of a tuft of absorbent cotton, 
its edges being blurred and irregular, the 
original density being perceived near the 
center as an area of slight increase in density 
over the surrounding area. About the time 
this is 2 centimeters in width the medial node 
appears and undergoes a change similar to 
that of the proximal node. In turn the distal 
node appears, and as it undergoes its increase 
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in area and density a haze will be noticed 
in the extreme periphery of the lung. This 
haze when viewed stereoscopically will be 
seen to occupy the plane of the pleura, while 
the lung density will be seen in its true plane. 
In the same individual, by means of serial 
films, this density was seen to appear in 
seven months. In another individual it was 
seen by the same method to disappear to a 


Fig. 17 (96) 
constantly 


Working 
Patch of pleurisy 
negative 


Exposure twenty-six 
Dullness left 
below left nipple 


years. 
apex 
Otherwise 


large extent during a two months’ absence 
from his work. This area seems always to 
be triangular with its base towards the lung 
periphery and its apex towards the hilus. It 
has been felt that this density appearing in 
the pleural level is a detour of the lymph 
flow ; the path between the periphery and the 
hilus being blocked, nature seeks to accom- 
plish her end, namely, the removal of the ir- 
ritant, by making a detour by means of the 
pleural lymphatics. This pleural haze has 
been seen extending from apex to various rib 
An effort has been made to write 
down the evidence as gathered from a pre- 


levels. 
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liminary study of the films. Each one of you 
will probably correlate it with your own past 
experience and will probably draw your own 
conclusions. 


SUMMARY 


1. kilm densities are influenced by mouth 


breathing, nationality and occupational 


position. 

2. The machinery must be considered as a 
source of dust as well as the material being 
worked. 

3. A standard exposure technique should 
be adopted as early as possible in a study of 
dust inhalation in order that one may feel 
sure of variations of density. 

4. While classification of films is helpful, 
the lung lesion in a dust worker is like the 
shifting sand of the sea and each film should 
be judged by its own individual densities as 
portraying the pathology in the making in 
that particular individual. 

5. Evidence tends to show that the lesion 
always remains peripheral and the lung re- 
action to an irritant is evidenced by densities 
appearing trom the hilus outward. 

6. It seems possible to parallel films of 
tuberculosis, pneumonia and various other 
pathological conditions of the lungs with the 
films of granite cutters, there being an ab- 
sence of clinical activity in the latter, the 
mechanical irritant producing the same le- 
sion as a bacterial one. 

7. It would seem that many densities are 
being diagnosed as tuberculosis which should 
be considered as 


densities of pneumo- 


coniosis. 
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THE XRAY SHADOWS OF LUNG SYPHILIS AND SYPHILITIC- 


TUBERCULOUS SYMBIOSIS IN 


W. WARNER 


HIN 


hilis has assumed a place 


the past five vears, thoracic 


SV] import- 


ance in clinical medicine, and our position as 


in medical research mal it 


KCS CxXpe- 
dient that we vive this subject more serious 
consideration \ttention has heretofore been 


“oncentrated 


upon lesions of the heart and 

irta to the unjust exclusion of those which 

ccur in the lung Up to 1916, the reter- 
ences to pulmonary syphilis in the roentgen 


iterature were remarkable for their scarcity, 


nsisting of case reports fr lachtler, 


Dunham, 


Carman, Pancoast. nad 
siblyv, others 

Pathologically, invasion of th ngs by 
svphilis was recognized by Vin ww,” De 
paul ° and Pancritius,’ and described in some 


by Fowler > and Stanley.” Clinically, 


anv authors have directed their attention to 


f these, like Osler and Me( 


it; some « rae, 
regard the condition as extreme! rare and 
infrequently recognized, while others con 


sider it to be relatively common. Dieulafoy 


savs “syphilis of the lungs is of the highest 


importance” and describes six for with 


very discouraging comments on diagnosis. 
Phe value of roentgenography for this pur- 
pose Was brought to the attention of clin- 


icians by the reports from the roentgenolo- 
gists mentioned, and most writers since have 
of the 
to ¥ 


emphasized the fact that the na 
should it ' 
differentiation. In spite of isolated reports, 


ture 


disease make amenable -Ta\ 


howe er, our specialty, asa whi le, has taken 
il 


the position that we can offer little assist- 


ance. If this were true, Carrera’s *~ statement 
that the ultimate diagnosis of lung syphilis 
must wait on the necropsy and microscope 
would be the correct and hopeless outlook, 
for clinicians have already exhausted their 
physical and laboratory methods, and, 1f we 
‘Read at Meeting of Amen 


the Twenty-first Annua CAN 


THE LUNGS* 


WATKINS, M.D 
| 1) ( 
Z NA 
cannot assist them, lung syphilis is likely to 
remain the béte noire of the internist. 


However, this challenge presents too fine 
lf we 
grant that lung syphilis is a clinical entity 


an Opportunity ror us to ignore. 


and comparatively frequent in occurrence; 
that the pathology in the lungs is character- 
istic in histologic change and in gross loca- 
tion; then the lesions should certainly be 
recognized on the radiograph 

in two 


yphilis; Syphilitic-Tuber- 


This paper presents its material 


| 
Lung S 


ulous Double Inte 


parts: | 


ction in the Lungs. 


Part I. LuNG SYPHILAS 


In 1916, we began systematic search 


ir lung syphilis by including this disease as 


> 


possibility in every lung examination, as 
there seemed to be no mechanical or biologi- 
cal reason for the frequently assumed free- 
dom of the lungs from this infection. Inas- 
roentgenographic interpretation 
of regarding 
tissue pathology, drawn from the shadows 


much 


as 


consists purely conclusions 


cast by disease changes, and since the ante- 
cedent pathological work on lung syphilis 
the «-ray 
work necessarily was imperfect. However, 
several fundamental facts aided in forming a 
nebulous expectation of the shadows of lung 


was “fragmentary and vague, 


syphilis. 

1. The peculiarities in the anatomical 
of the as demonstrated by 
Miller, with the relations between bronchi, 


structure lung, 
arteries and lymphatics, have an intimate 
bearing on the interpretation of the shadows 
of including lung 
syphilis. 


all pulmonary lesions, 


2. The characteristic method of invasion 


of active syphilis, wherever found, by ex- 
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tension along the arteries, is distinctly dif- 
ferent from the extension of tuberculosis 
through the lymphatics. A consideration of 
the relations of lymphatics and arteries to 
the pulmonary subdivisions which are in- 


Fig. 1 (Patient 785). Peribronchial fibrotic type of 
lung syphilis. History of syphilis; Wasserman 
positive; sputum negative; abatement of lung signs 


under mercury 


volved, indicated that there would be a dis- 
tinct difference in the shadows of these two 
diseases. 

3. Aside from the pathological differ- 
ences, the clinical observation had been that 
the lesions of tuberculosis and syphilis oc- 
curred, as a rule, in different parts of the 
lung, the former in the upper and the latter 
in the lower lobes. 

4. The characteristics of the shadow of 
tuberculosis being already definitely estab- 
lished, the differentiation would be between 
syphilis and other less common types of lung 
disease. 

Basing our observations on these facts by 
selecting patients known to have syphilis and 
making a careful study of the pulmonary 
densities presented by them, certain types of 
shadow could, with a fair degree of probab- 
ility, be classified as syphilitic. Then, by ob- 
serving the resolution of such shadows after 
antiluetic treatment, the tentative observa- 
tions could be confirmed as definitely as we 
could ever hope to confirm them during the 
life of the patient. 

The handicap of a lack of accurate patho- 


logical knowledge was, to a large extent, re- 
moved by the publications of Warthin'® or 
latent syphilis, in 1918, and the more recent 
observations of Carrera’? on the specific le- 
sions in the lung. It should be a matter ot 


552). Hereditary syphilitic. Eat 


+ 
form of infiltrative type 1n the left base 


satisfaction to those pioneer roentgenologists 
who interested themselves in this supposed 

rare condition, to observe that these belated 
pathological researches verified the accuracy 
of their radiographic forecast of tissue 
changes. The most important result of the 
pathological work was the furnishing of 

pasis for accurate classification of radio- 
graphic shadows and a definite explanation 
of some peculiar shadows which had been 
observed but not, heretofore, interpreted. 

In terms of clinical pathology, we can dis- 
tinguish three tvpes of radiographic shadow 
produced by syphilitic invasion of the lung. 
The classification here differs slightly from 
that previously offered, in order to conform 
to recent discoveries. 

1. The lesions of active or early syphilis 
produce shadows which are to be interpreted 
as (a) gummas, or (b) inflammatory con- 
solidation or infiltration. Such shadows vary 
according to the virulence of the infection 
and the rapidity of the invasion. 

2. The lesions of old, latent or hereditary 
syphilis produce shadows which represent 
(a) interstitial peribronchial or peri-arterial 
fibrosis, or (b) dense fibrosis of the lung or 
pleura. 
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3. In conjunction with thoracic syphilis, 
indefinite lung densities occur, the nature ot 
which have not vet been determined, either 
by clinical observation, pathological research 
or radiographic characteristics. These densi- 
ties correspond to those seen by Dachtler’ 1n 
his cases reported in 1912. 

The wide variation in the shadows of lung 
syphilis, from a simple peribronchial deposit 
of fibrous tissue in a limited lung area, to 


complete consolidation of an entire lung, 1s 


explained by Warthin’s'’ distinction between 


the pathology of active syphilis f latent 
syphilis 

When active syphilis invades the lung, 
there is extensive consolidatio1 inflat 
matory infiltration, usually in the er lobe 


due to the tendenc\ of this infection to fol- 


low the larger arterial trunks. This localiza- 


tion, however, 1s not absolute, the first case 
in our records involving the upper | 
The form of. the 


shadows of this 


Fig. 3 (Patient 95). Syphilitic infiltration of the 


upper left lobe 


may simulate those of primary carcinoma, or 
the partially resolved consolidations of pneu- 
monia. The shadows are usually confluent, 
of varying density, inclined to irregularity 


trunks. They may be 


capsulate the diseased area, 


201 


and mossiness of the edges, and tend to mass 
along the heart border 


g 
and large bronchial 


confused with the 


shadows of bronchiectasis, abscess or pneu- 
moconiosis. 


s sufficient to en- 


When tissue resistance 
eummatous le- 
sions result. The shadows of gummas will 


vary in size; will usually be multiple; are 


not confluent; will have edges slightly ir- 
regular but more definite than consolida- 


will have centers 
the, 
in outline, show pointed 


tions: when caseous, they 


of diminished density; when healing, 


become irregulat 


us tissue which contract 


pre ns of fibi 


the lung and may obstruct bronchi. It is con- 


ceivable that gummas may be so thoroughly 


encapsulated that they will remain smooth 


in outline and heal without material effect 


on the surrounding lung tissue 


1 


The interstitial peribronchial fibrosis, 


with its end result of dense fibrosis of the 


Fie 


1 (Same patient as Fig. 3). Shows change under 
antileutic treatment 


lung and pleura, occurs in latent syphilis, 
where a slow inflammatory reaction, ending 
in fibrosis, is the typical pathology. This fi- 
brosis may be peribronchial or peri-arterial, 
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but resulting shadows will be the same, con- 
sisting of fine or coarse linear striations, 
springing usually from a dense hilus shadow 
and radiating to the periphery. The striations 
may occupy a limited area or involve both 
lungs generally. Other diseases and _ irrit- 
ants, like poison gas, may produce a similar 
fibrosis. 

Indefinite lung densities are frequently 
found in association with cardiac or aortic 
syphilis. Both Warthin and Carrera de- 
scribed lung changes which correspond to 
such densities, but were undecided whether 
they represented inflammatory reactions or 
passive congestion from mechanical condi- 
tions. While we wait on the pathological 
determination of this point, we wish to 
record our conviction that, radiographically, 
these densities are specific inflammatory re- 
actions, and have been seen to disappear 
under antiluetic treatment. This has been ob- 
served both when they were found in connec- 
tion with aortic disease and when they oc- 
curred in lungs without visible cardiac or 
aortic involvement. There are, of course, 
radiographic densities which are the result 
of passive congestion or pulmonary edema 
from cardiac embarrassment in syphilitic 
valve disease, but there should be no diffi- 
culty in differentiating these. 

Since radiographic visualization of tissue 
change is only one of the many physical 
methods of investigating disease it would, 
manifestly, be improper and even impertin- 
ent to venture unqualified diagnoses of lung 
syphilis from radiographs alone. We need 
to take into consideration the personal his- 
tory, the clinical evidences of systemic 
disease, the possible accompanying involve- 
ment of the heart or aorta, the other physical 
signs of lung disease, and the laboratory 
findings. However, the roentgenologist, as a 
consultant, has just as much right to con- 
sider all these evidences in connection with 
his special investigations, and produce the 
completed result as a diagnosis, as the clin- 
ician has to appropriate the radiographic in- 
terpretation and use it to connect his other- 
wise incomplete chain of evidence. In other 


words, we need to follow the teaching of a 
former distinguished President of this So- 
ciety '* and conduct ourselves as consulting 
diagnosticians. 

Up to August I, 1920, we have on record 
approximately 6500 examinations of the 
chest and heart. In this number we have 
made, or assisted clinicians in making, diag- 
noses of pulmonary syphilis in 172 patients; 
that is, of patients radiographed for sus- 
pected heart or lung disease, about 2.6 per 
cent had pulmonary shadows which we could 
reasonably conclude were due to uncompli- 
cated syphilis. Many of these lesions were in 
combination with cardiac or aortic syphilis; 
in others there was no visible heart involve- 
ment. It will not be the function of this paper 
to enter further into statistical report or 
classification of these cases. 


Part Il. SymBiotric INFECTION 


The characteristics of the tuberculous 
shadow are well known, and there is need 
to review them only so far as necessary to 
establish a basis of comparison with those 
of syphilis. Many illustrations, such as the 
goldenrod, the dandelion and the sunflower, 
have been suggested to fix the picture of the 
shadow of tuberculosis in our minds. The 
incongruity of illustrating disease pathology 
by means of a flower impels me to suggest a 
more appropriate simile. A thickly leaved 
tree, like our Western cottonwood, with a 
caterpillar web enmeshing numerous leaves 
and small twigs, sometimes large branches, 
graphically illustrates the tuberculous lesion ; 
the shadow of this on a concrete pavement, 
with the sun at medium height, is an excel- 
lent representation of the radiographic re- 
production. The leaves are the secondary 
lobules of Miller, the twigs and branches 
being the bronchi and accompanying vessels. 
Now, if we can fancy some destructive in- 
fluence which blocks the circulatory system 
of these branches, so that the leaves wither 
and die, without web formation, we shall 
have an illustration of syphilis of the lungs, 
and the differences in their fundamental 
pathology. 


As a general rule, tuberculosis, uncompli- 
cated by mixed infection, will invade the up- 
per lobes of the lung, and its shadows will 
be found over the peripheral distribution of 
some of the upper lobe bronchi. The bron- 
chial twig or branch involved may be small 
and the shadow correspondingly limited, or 
involved 


the area be large, even an 


entire lobe; but the shadow will be a peri- 


May 


pheral shadow and will be in the upper lobe, 


whether the tuberculosis is of the minimal 
degree, barely perceptible on the radiograph, 


or whether it 1s of the most extensive de 


5 (Patient 313 
right base. A 


two Injections ot 


1). Extensive syphil infiltration 
] 


most entirely resolved following 


salvarsan 


gree, involving all branches of both upper 
lobes. When tuberculosis spreads from the 
upper lobes into the lower areas, or when 
it invades the central or basal regions pri- 
marily, we may expect to find an accompany- 
ing or antecedent mixed infection, producing 
an atypical localization of the tuberculous 
lesions. There may be exceptions to this rule, 
but it forms the clinical basis of our inter- 
pretation of tuberculous shadows, and many 
observations have only strengthened our con- 
viction that this is a safe working basis, 


in spite of exceptions which we have ob- 
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served and which others, no doubt, can cite. 

The interrelation between tuberculosis and 
svphilis has been in the minds of clinicians 
since tuberculosis was isolated from other 
lung diseases and established as a clinical 
entitv. The effects of the acquirement of 
tuberculosis by a syphilitic person, and vice 
versa, have been discussed at length by many 
writers, but without conclusions, 
no doubt, to the uncertainty regard- 
ing syphilitic infection in the lung. Until 
there was a clear conception of lung syphilis 


definite 
due, 


itself, naturally no very definite idea regard- 


Fig. 6 (Patient 8675). Syphilitic sclerosis of lung and 
pleura. Wassermann positive \utopsy showed 
complete destruction of lung tissue, with cicatrica- 
tion, and large annular aneurysm of aortic arch. 


ing its combination with tuberculosis could 
be formed. Certain clinical observations 
which have served only to befog an already 
very puzzling condition are all that we have 
to date combination 
which affects from 15 to 20 per cent of our 
great army of tuberculous patients. We have 
the conflicting statements that syphilis ac- 
quired by a tuberculous person will exert a 
favorable effect on the course of the tuber- 


regarding a_ sinister 


culosis; and, conversely, that it will cause a 
rapid extension of the tuberculosis. We also 
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x 
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have the confusing statements that a syphi- 
litic who acquires tuberculosis will usually 
have an acute disease; and, conversely, that 
tuberculosis acquired by an old syphilitic be- 
haves no differently from tuberculosis in a 
previously healthy person. 

lt is very apparent that here is a rich field 
for study. It is safe to assume that the pre- 
vious observations on this double infection 
are not a safe guide, being necessarily based 
on an insufficient knowledge of the path- 


Fig. 7 (Patient 11495). Diffuse and irregular densi- 


ties in lungs accompanying syphilis of heart and 
aorta, probably due to active lung disease 


ology of lung syphilis, and we can far better 
found our conclusions on our own investiga- 
tions. Any such conclusions regarding a 
combination of syphilis and tuberculosis in 
the lung must give full consideration to the 
differences between an active, syphilitic in- 
flammation, and the mild, slow fibrosis of old 
or latent syphilis. 

Tuberculosis and syphilis may occur 
simultaneously in the same lung, each pro- 
ducing its own lesions, which frequently can 
be distinguished on the radiograph. Since 
each of these shadows have been described, 
it is not necessary to dwell further on them. 
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The two diseases may also occur as a true 
symbiosis. This peculiar condition was first 
brought to the writer’s attention by the publi- 
cation of the researches of Dr. Carl Speng- 
ler,’’ of Davos, in whose papers we found 
the 
Wright in treating 
tuberculosis with injections of mercury salts 


for brilliant 


an adequate explanation 
therapeutic results of 


The term symbiosis carries with it a tacit 
denial of the supposed antagonism betweet 
the organisms of tuberculosis and syphilis, 
tor which there is no biological or clinical 
evidence. Symbiosis occurs when syphilis 
prepares the soil, either by active inflammia- 
tory destruction of lung tissue, or by a slow 
mild inflammatory congestion. The localiza 
tion of tubercle bacilli, thus influenced b 
syphilis, is more widespread, and we find th 
lesions and shadows not only in the uppet 
lobes, but also in the bases. A symbiosis ts 
also represented by the effects of acquired 
syphilis on a latent tuberculosis. Here, as 
Dieulafov expresses it, the svp'ulitic virus 
“hatches the tubercle bacilli and sows then 
broadeast.”” A widespread distribution of tu 
berculosis may be produced by the latent, as 
well as the active form of svphilis. However, 
active syphilis, when grafted upon a preced 
ing tuberculosis, results in a very malignant 
disease, which may not be true when tuber 
culosis is implanted in a lung where latent 
syphilis already exists. It is conceivable that 
a well established fibrotic tendency produced 
by a long-standing latent svphilis of the 
lungs, will choke out a tuberculous process 
when the latter occurs as a secondary infec- 
tion. This, however, is tissue resistance and 
not bacterial antagonism, a distinction which 
is of vital importance in treatment. 

A very similar symbiosis is found when 
tuberculosis and streptococcic infection exist 
A generalization of the 
tuberculosis results, because tubercle bacilli 


in the same lung. 


develop with greatly enhanced rapidity and 
vigor on a soil where streptococci have 
already grown. This fact, first demonstrated 
in the laboratory, has not been given proper 
consideration in studying the effects of 
“influenza” on tuberculosis. When we deny 
that influenza has any effect on tuberculosis 


|| 
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’ 


Y-Ray Shadows of Lung Syphilis 


we are making a categorical statement that 
tuberculosis is not affected by ’ the 
virulent pyogenic organisms which infest the 
respiratory tract, all 
cerned, either primarily or secondarily, in 
influenzal infections. Now we do 


any of 


since these are con- 
know that 
streptococe: affect tuberculosis very mark- 
edly, and it is entirely possible that the cases 
studied by Fishberg’* were pneumococceic in- 
studied by 


other ob- 


tecti ms, W hile those 
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syphilis, draw positive conclusions from the 
shadows alone. However, these frequently 
are quite suggestive, and if our radiographic 
examination gives the right clue and leads to 
the ultimate formulation of a correct diag- 
nosis, it certainly has done all that can rea- 
sonably be expected. 

\hen tuberculosis, 
with cavities which fill up with streptococcus 
infected pus, and, beneath these, the shadows 


we find pulmonary 


streptoco niectiol 


servers, with contrary conclusions, were 


streptococcic infections. However that may 
be, the streptococcic-tuberculous mixed in- 
fection will produce shadows very atypical 


for cannot he 
the 


shadows of tuberculous-syphilitic mixed 1n- 


tuberculosis, and which 


distinguished, radiographically, from 
fection. When we find typical shadows of 
tuberculosis and other shadows, usually of 
more recent formation, in atypical locations 
and without the familiar characteristics of 
tuberculosis, we may conclude that some ad- 
ditional and more malign agent than tuber- 


culosis is at work in that lung. We cannot 


here, any more than we can in pure lung 


( (Pati ed ( ulosis of the 
s and pleut oscom lesions shown to 
partly he d partly on the pleura. 
riisto ot pneume h sl] recovery extend- 


of a disseminated tuberculosis. 


sion should be obvious. 


the conclu- 


\When the tuberculous process is under the 
influence of a symbiotic svphilis, the charac- 


teristics of neither infection will be pre- 
served. Dieulafoy cites a case of a caseous 
gumima whose outer rind was thickly studded 
with tuberculomas about the size of peas; 
the shadow of such a lesion naturally would 
be very atypical. We may find areas where 
the typical tuberculous shadows are pre- 
served; elsewhere there will be groups of 


small, rounded, or irregular densities, repre- 
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senting small consolidations without detect- 
able relation to bronchial stems. Where the 
syphilitic areas have been invaded by tuber- 
culosis, or where the encapsulated tubercle is 
broken down and the bacilli disseminated by 
the effects of syphilis, we cannot expect to 
find any typical arrangement of shadow. The 
absence of infected cavities, the confluence 


Fig. 10 (Patient 8325). 
shadows in the 


Tuberculosis and syphilis, 
left lunge resembling carcinoma, but 
proven by course ot 
to be 


disease and effect of treatment 


syphilitic 


of small consolidations the heart 


border, large hilus masses, diffuse fibrosis, 


along 


should suggest syphilitic rather than pyo- 
genic double infection. 

In the 6500 examinations previously men- 
tioned, there were 948 patients who showed 
lesions of tuberculosis had 
the advanced degree according to the classi- 
fication of the National Tuberculosis Asso- 


W hich reached 


ciation. There were 192 cases whose radio- 
graphs had been disposed of and whose 
records were not clear enough to permit 
definite classification. eleven patients 
there was acute tuberculosis, without radio- 
graphic evidence of a source of mixed infec- 
tion to explain the generalization, and with- 
out history of antecedent acute respiratory 
disease. In 195 cases, the basal regions were 
practically free from abnormal shadow, the 
lesions being confined to the upper lobes, 
and these were considered to be essentially 
uncomplicated tuberculosis. In 550 patients 
the lesions had become disseminated into the 
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lower lobes, and shadows were present which 
were atypical for tuberculosis and which 
could be explained only by some form of 
mixed infection. In 209, or over 22 per cent 
of the 948 patients with advanced tuberculo- 
sis, a diagnosis of combined syphilis and 
tuberculosis was made by us, or with our 
assistance. In the remaining 341 patients, a 


(Patient 
effusion in 


left 


Fig. It 
with 


JOOS ) Tuberculosis ot 
the 


heart 


upper right, 
Gummatous 
borde 1 


lesior of 


syphilis near Entirely resolved 


under anti-luetic treatment, while the right sided 


kk sions spre ad rapidly 


tuberculosis and 
the aort 


Combined 
with aneurysm of 


Fig. 12 (Patient 
syphilis of the lungs, 


9553) 


arch 


» 


t\ 


simple diagnosis of tuberculosis plus some 


form of undetermined mixed _infectior 


was the conclusion from the radiographic 


shadows. This report includes only patients 


showing extensive shadows, and we have, 


doubtless, failed to recognize the true condi- 


patients with less advanced 


tions in many 
disease 

In closing this inadequate presentation of 
a very timely subject, it is well to emphasize 


its importance from a therapeutic stand- 


point 

First: In the treatme 
is important to know 
a Herxheimer reaction in the 


involved, since 


lungs mav be serious 


Second: It is doubly importat tuber 


culosis, to ascertain whethe1 patient 
combats this comparatively benign single in 
fection, or bination 
with active syphilis must be treated 

Third: It n 


disturb the fibrotic changes of latent 


lav be triply important not t 
syphilis 
by arsenical treatment, if the tendency of 
this fibrosis is to arrest the tuberculosis 


In all 


tions are indispensable, and the op] 


events, roentgenologic: xamina 


rtunities 


for scientific research practical 
benefit to medicine and humanit trorded 
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Mr. H. W 


of consideraple interest to me. as the work | 


Lac R. This paper has been 


did some years ago was on the secondary 
manifestations of syphilis, and of course my 


We found at 
roentgen examination was 
these 
cases had physical signs of an early tuberculo- 
but no roent- 
and our con- 
clusions were that it was a diffuse bronchitis 
and where 
ith negative roentgen 


findings were entirely different. 
that time, that the 


practically negative n other words, 


sis, including slight temperature, 


ven signs that would verify that, 


in the secondary stage of syphilis, 
such cases v 


we found 


findings, we suspected lues. I have had, during 


my experience, three cases that are somewhat 
similar to some of the cases shown by the doc- 


nodules. All of 


tor, where there were discrete 


these cases had a history of syphilis, but we 
were never able to verify them by _ post- 
mortem @xamination 

I tind it difficult ake clear that the find- 


ings we observed were not those of gumma. I 


11 


have no cases ina my experience which | can 


identify as true syphilis of the 
lis had antisyphilitic 
leveloped any fibro- 
because the 


lung. Those 
cases of secondary syphi 
treatment, and they nevet 
sis, and for a very good reason 
re cured, and the 


condition did not develop furthet 


cases were early and they we 


Dr. KENNON DUNHA? mw of nothing 


tis more important than tl 


ha he study of syphi- 


lis of the lung. We are getting, thanks to the 
v-ray man, more evidence every day which 
may some day help to substantiate a diagnosis 


of syphilis. I suppose there 


j 


not a large lab- 


in the count that has not had definite 


Oratory 


lesions showing atypical densities which have 
We 


in Cincinnati and we often 


cleared up under salvarsan have such 


plates treat them 


with salvarsan, but I hope, as roentgenologists, 


we shall not go on rec as making a diag- 
nosis of syphilis of the lung from these abnor- 


We ( 


such’ a density st 


that and 


but we can- 


mal conditions. “such 


in 
iweests syphilis 
not diagnose syphilis. The fact that a patient 


has a four-plus Wassermann does not mean 


that a given lung density is due to syphilis. 


Che specific organism of syphilis has not 
been demonstrated in the lung. Pathologists 


recognize two forms of pulmonary syphilis— 


—— 
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white pneumonia of the new born child, and 
gumma. Mr. Dachtler showed years ago that 
many cases which have physical signs of pul- 
monary tuberculosis but which have no roent- 
gen findings of tuberculosis must be syphi- 
litic, because they do not react to tuberculin 
and are cured by anti-syphilitic medication. 
Do not forget this important research of Mr. 
Dachtler. if that 
abnormal densities within the lung are due to 


Even we prove certain 
syphilis Dachtler has already proven that we 
may have pulmonary symptoms due to syphilis 
which do not give such abnormal changes. 
Dr. Pritchard of Battle Creek, some time 
ago, showed me a of 


which 
lung densities had cleared up under salvarsan. 


series slides in 
| had similar plates in my own laboratory, and 
as I said before they are common in almost 
every large roentgen laboratory. 

Let us remember that all these evidences of 
syphilis of the lung are not proof. Until the 
specific organism can be demonstrated in at 
least one such tumor we are not justified in 
doing more than suggesting pulmonary syphi- 


7 


Is Trom our plates. 


\\. 


with a good deal of 


HotmeEs. I have lstened 


to Dr. Watkins’ 


(GEORGI 


LR 


interest 


paper. We have had a few cases of lung syphi 
lis which have been fairly well studied. The 
most interesting finding is a lesion in the bron- 


chi causing a stenosis, and in some cases a com- 
lung, producing complete 
The 


when 


plete collapse of the 


the affected area milder 


up 


stenosis 


dullness over 


forms clear under salvarsan the 


bronchial is relieved. One advanced 


\We could get no report 


case came to autopsy. 
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from the pathologist except that “the patient 
may have had syphilis.” We could not 
to say definitely that it was syphilis. 


get him 


ask the 
syphilis 


Dr. P. M. Hickey. I would like to 
Doctor if he has any observations on 
of the pleura. I remember one case where I 
diagnosed tuberculosis with pleuritis, with a 
constant recurrent effusion, and the condition 


cleared up very quickly under salvarsan 
treatment. 
Dr. W. W. Watkins (closing). I don’t 


t} 
Ll 


unk I have anything particular to add, except 
to call attention to the fact that Mr. Dachtler 
stated in his cases there were no roentgen find 
In his original article, he mentioned in 
llv all of the cases that the bronchial 


markings were increased, This may or may 


ings. 


practica 


not be similar to early syphilis changes. 
I agree with Dr, Dunham thoroughly i 


inadvisabilitvy of making the diagnoses from 
roentgenograms alone. Mv idea is to sugges 
syphilis as one of the things which produces 


the shadows which we see; never to make a 
positive diagnosis until the shadows have dis- 
appeared and the patient is well. 

Answering Dr. Hickev’s question, T have ol 
served syphilis of the pleura in two cases, one 


where involvement of the pleura obscured the 


entire thorax on one side, where the probable 
diagnosis of syphilis was confirmed = short 
after by autopsv. The other was a syphilit 
pneumonia involving the pleura, whicl 


1 
+ 


the patient apparently recovered from_ the 
pneumonia, but the pleura always remaine 
thicl-ened. 


> 
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ANEURYSM OF THE AORTA AND ABSCESS OF THE 
TRACHEOBRONCHIAL LYMPH GLANDS 


By R. D. CARMAN, M.D. 
Si Roentyel 
STEI 
.. 280177, Mrs. W. S., aged twenty- 
nine, wife of a farmer, admitted 
to the Clinic July 15, 1919. Her health had 


admis- 
essed teeth, 


months betore 
sion With the exception ot abse 


been good until three 


several of which had been extracted about 
six weeks before, she had been in good 
health. The onset of her illness s gradual 
with a general tired feeling and e pain in 
the right side of the chest and ound the 
heart. Her symptoms were attributed to 
overwork, but rest and later one week in 
a hospital failed to improve her condition 


| 
Within two weeks of the extract of her 


teeth her temperature rose in the evening, 


reaching an average of 99 degrees; her pulse 


was rapid, and her breath short exertion 
or when she was lving on her back. She 
choked at times when taking f Half an 
hour after eating she had coughing spells in 
which she raised large amounts of clear 
sputum. Later wheezing in the throat of 
eradually increasing severity v oted. She 


lost seven or eight pounds in ht during 
her illness 
Examination revealed slight | 


The heart 


ubbling rales 
over the chest 


Was 1 enlarged ; 
a systolic murmur was heard only at inter 
vals; the pulse was rapid and irregular. The 
abdomen and pelvis were negative. The sys 


bl 


was 8o, the pulse was 100, and tl 


toli pressure was 120, diastolic 
tempera 


cluion Was 


ture 90.5 Examination of the 


was 
not recorded. The Wassermann 
negative. 


Roentgen examination revealed a 


TASS 
bulging into the upper mediastinum which 
with the fluoroscope proved to be non-ex 


pansile but was thought to be aneurvsm 
of the arch of the aorta. 


The patient died four davs after admis- 


AND C. G. 


SUTHERLAND, M.D. 


ology, Mayo Clinic 


MINNESOTA 


sion to the Clinic; the necropsy findings were 
as follows: 

\ large spherical, encapsulated, non-tu- 
abscess of the tracheobronchial 
to 12 cm. in di- 
was found. This mass, situated at 
the bifurcation of the bronchi 


berculous 
lymph nodes (from 10 cm 
ameter ) 
, rested behind 
the bronchi, more to the left side, in front of 
the esophagus, and against the right pulmon- 
ary artery and vein and the descending arch 
of the aorta. There was evidence of extensive 
compression of the trachea and of the 
esophagus. The bronchial tree was filled with 
unexpectorated mucus and the entire venous 
circuit was markedly engorged. The body 
was strikingly livid and showed moderate 
emaciation with some edema. 

CasE 8734. Mr. G. R., aged fifty, a bar- 
tender for a time and later a stationary en- 
sineer, was admitted to the Clinic August 
28, 1919, complaining of a dull pain in the 
left chest. This pain was not influenced by 
respiration, but was accentuated by coughing 
or sneezing. He had had left side pleurisy 
with effusion five years before and five at- 
tacks of pleurisy in the intervening period. 
He had left side pneumonia in 1918 and in 
1919 was confined to hed for several days 
with “chest trouble.” At this time he had a 
tickling sensation extending down the left 
bronchus, followed bv a slight cough and a 
small amount of whitish expectoration. In 
1908 the patient had been treated at the 
Clinic for urethral 
the 
of gonorrheal infection over ten 


stricture: he had had 


chancre at age of twenty-seven and a 
history 
vears. He complained of shortness of breath, 
weakness. aching between the shoulders at 
night, occasional night sweats, and that he 
He had lost 


twenty pounds in weight in six months. 


was incapacitated for work. 
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Examination revealed general adenopathy, 
expansion was limited on the left side of the 
chest; the percussion note was flat; vocal 
resonance and fremitus were dimin- 
ished. The breath sounds on the left side 
were distant; there were no rales, and no 


vocal 


changeable dullness. The pulse was regular; 
a systolic murmur heard at the base and to 
the left of the mid-sternal line was believed 


Aneurysm of the Aorta 


Pneumothorax did not follow these operat- 
ive procedures. 

The patient returned to his home Septem- 
ber 2, and word was received of his death 
in November. 

\e are indebted for the following notes 
to Dr. T. R. Martin, of the Duluth Clinic, 
who performed the necropsy : 

“On opening the chest both pleural cavi- 


Fig. 1. Case 280,177. 


upper mediastinum. 


Shows shadow bulging into 


to be an accentuated second sound. The sys- 
tolic blood pressure was 136, the diastolic 
92; the hemoglobin and blood count were 
normal. Examination of the sputum, the 
\Wassermann reaction, and the electrocardio- 
graphic findings were negative. 

Roentgen examination revealed a dense 
shadow throughout the entire area of the left 
lung. This suggested fluid, but aspiration 
failed to reveal it. An attempt to elicit fluid 
two days later by the same method failed and 
a small incision was made, deep enough to 
allow a few tiny bubbles of air to escape. 
The pleura was not appreciably thickened 
but appeared to be adherent to the lung. 


Fig 2. Case 8734. Shows dense shadow in 


of left lung. 


arCa 


ties were found to be obliterated by old 
adhesions and the pericardium was adherent 
to the pleura on the left side. The lungs 
and heart were removed en masse; in strip 
ping down the descending aorta the knife 
met with an obstruction, which proved to be 
an aneurysm of the first portion of the de 
scending aorta, about 9 cm. by 10 cm., con- 
taining an organized clot. The posterior wall 
of the aneurysm was firmly adherent to the 
spine and had produced pressure necrosis on 
the lateral aspect of three of the dorsal ver- 
tebrae. 

“There were no abnormalities of the heart 
or pericardium except calcareous deposits 
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at the bases of the cusps. The rta showed 
numerous calcareous plaques at the site of 
the On 


through the auricle into the pul 


aneurysm. introducing the finger 


onary vein 
an obstruction was met which suggested an 
acute angulation of the vein 


and 


pressure 


distortion by the adherent aneurysm. 


Che pulmonary artery on the left side 


patent. 


Was 


“The left lung was dark red, glistening, 


and moist; on section it was firm and liver 
like in consistency and contained no air. 
“There 


was nowhere 


tumor formation. 


any evidence of 


“A roentgenogram was made t 
and left lung removed from the body and in 
this the left lung cast a shadow 
than the heart 


re dense 


free from blood suggesting 


that the antemortem shadow in the left lung 


was due to passive congestion.” 


In Case 280177 the plates and fluoro- 


scopic examination revealed a non-pulsating 
shadow bulging into the upper mediastinum 
which could not be distinguished from the 


arch of the aorta (Fig. 1). In spite of the 


patient’s age, a negative Wasser 
tion, and the fact that the shadow 


ann reac- 
Vas non 


expansile, aneurysm, in our opinion, was the 


logical diagnosis. In the literature it is gen- 
erally agreed that aneurysm rar occurs 
without a coexistent history of syphilis; on 


2/ 
the other hand, it is known that patients may 
acquire syphilis unknowingly and that the 


\\ 
VV asseriiann reaction 1 


y be negative in the 
presence of syphilitic infection. No expansile 
pulsation was observed in the shadow in this 

] 


case, but it is not always present in aneurysm 


of the arch of the aorta. 

In Case 8734 the roentgen findings were 
definitely those of fluid in the pleural cavity 
(Fig. 2). The course of the aorta could not 
be defined because of the extent and density 
of the shadow. The clinical findings were as 
characteristic of fluid as were the roentgen 
findings and the history of repeated attacks 
of pleurisy and a left side pneumonia was 
definitely misleading. 

In corresponding with Dr. E. L. Tuohy 
of the Duluth Clinic we learned that because 
of the patient’s history of syphilis he had 
earlier in the summer been given rather in- 
tensive treatment for syphilis without any 
apparent improvement in his condition. 

A noteworthy feature of these two cases 
was that the Wassermann reaction was nega- 
tive in both, although in the second there was 
a definite history of syphilitic infection. 

These two cases are of interest because 
the roentgen findings were considered char- 
acteristic enough to allow of a definite diag- 
nosis, yet necropsies proved them to be in- 
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PELVIMETRY BY MEANS OF THE ROENTGEN RAY* 


By W. EDWARD CHAMBERLAIN, M.D. 


Assistant Professor of Medicine, Stanford University 


AND 
R. R. NEWELL, M.D. 


\ssistant 
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Y the use of films and double screens, 

it has recently become possible to get 
clear pictures of the maternal pelvis and the 
fetal skeleton at full term. This seemed to us 
to reopen the question of roentgenographic 
pelvimetry. 

Martius’ has given a very complete review 
of the literature on the subject up to 1914. 
After the first simple comparisons of roent- 
genograms of the patient with those of dried 
abnormal pelves, various mechanical and 
mathematical methods were developed to 
correct for parallax and foreshortening. The 
mechanical method culminated in the very 
complicated and expensive chair designed by 
Kehrer and Dessauer’, which reconstructed 
by threads in space the straight lines connect- 
ing target, object and plate image and meas- 
ured between their intersections. Martius 
found their method accurate enough, but 
they themselves were unable to get plates 
clear enough to measure after the first few 
months of pregnancy. The mathematical 
method culminated with that of Runge and 
Gruenhagen® in 1915, which is both simple 
and accurate. The only special apparatus 
used is a plate tunnel and a plumb-bob. They 
availed themselves of the stereoscope to iden- 
tify the points from which to measure on the 
plate, a refinement first used by Manges* in 
1912. It is a simplification of this method 
that we are offering. 

In using films, it seemed desirable not to 
use the edges to orient them by, as Runge 
and Gruenhagen had done with plates, so we 
have had a plumb-bob impress its shadow on 
each exposure. We have discovered a simple 
construction for the horizontal projection of 
the desired diameter, which is even easier 
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than the perpendicular from which Rung, 
and Gruenhagen measured, and in addition 
simplifies the final calculation. 


APPARATUS 


We are using a tube-stand and table oi 
standard make, the double screen cassettes 
being carried on the plate changer provided 
in the table. window, 


somewhat above the middle, is stretched a 


Across the celluloid 


wire (about 20 gauge ). In the center of the 
{ mm. aluminum filter is a very small lead 
ring, from which hangs on a cotton string 
a plumb-bob, consisting of a rod 3 by 50 
mumn., with two rods 1 by 30 mm. set through 
it near the end at right angles to its long axis 
and to each other. 


METHOD OF TAKING THE PICTURES 


The target is set 88 cm. above the plane o| 
the film. We have chosen this target distanc« 
arbitrarily. The shadow of the plumb-bob is 
a bare screen, and the tube 
holder is tilted until the shadows of plumb 
bob and lead ring are concentric, thus bring 
ing the plumb-bob vertically below the target. 
The patient is made to lie down on the table, 
with her pelvis over the celluloid window, a 
lead marker is placed under her right hip, the 
tube is brought over the right iliac region 
and an exposure made. The tube is shifted 
10 cm. to the left parallel to the wire above 
mentioned, and another film exposed. It 1s 


( »ybsery ed on 


necessary that the exposures be full, for an 
under exposure will fail to show the shadow 
of the plumb-bob, and the promontory of th« 
sacrum will probably be obscured by the 
density of the fetal head. With a radiator 
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Ray Societ and the 


California, 
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Cor lide tube about 15 sec. at Ma. ata 4 
inch gap has given readable pictures 
MEASURING THE FI LS 
lhe films when dry are placed in the 


stereoscope, or are viewed on the light box 


with a prism hand stereoscope, and the 


1 


points marked between which measurement 


is desired, e. g., the promontory and sym 


1 


physis, the ischial spines, the bri 
tliac 


Sacro 
joint and ileopectineal Cl 


then on the li 


nence, etc 
clear cellu 
of the films, 

ked ( tw lashe ‘r the 
(1) TWO Cashes over the 


eht box a pie 
loid is laid Over One and on it 
shadow of 


plumb bob, 


lal eling 


the wire, (2) the center of the 
1 
ind (3) the points on the pe 


each pair. The celluloid is then d over the 


other film, setting the dashes ver the 
shadow ot the wire, and the mark for the 
plumb-bob exactly 10 cm. from the second 


plus ib bi yb shadow lhe points is 


1 


are then marked in their new positions. 
plu 


Draw lines connecting the bob dots 
with the pelvis dots belonging each, and 
another connecting the intersections. The 
tracing for measuring, say, the conjugata 
vera, will then appear thus (see big. 1). 

\ centimeter scale laid on vives the 


leneth in centimeters of the h ntal pro 


jection of the required diamete \ special 


scale laid on a and b gives the height in 
centimeters of each end of the conjugate 
above the plane of the film. 1 length of 
the conjugate is then computed from the 
formula: 
\ (a 
ACCURACY 
\s a check on the method we e used a 
light wire 10 em. long with sph | knobs 
the ends. This is laid across the physis 
vhen the exposures are made. If ulation 


from the films gives the length this cor- 


rectly, then one may be sure th istakes 
n trust the cal ions for 


\ecul 


mination of the pelvic diameter 


were made, and Ca 


the other measurements in deter- 


depend 
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almost entirely on the 


accuracy with which 
arked on the films. That this 


is a real cause of error was shown by deter- 


the points are n 


minations on dried pelves, where the results 
at times differed from the calipered lengths 
of the antero-posterior diameters by as much 
as 4mm. This I believe was due to the diffi- 
culty of accurately 


marking the posterior 


M 
/ 
w 
“ 
b 
y 
{ 
> ¢ a 
Fig. 1. Tracing dy for measurement. M and N 
are the plumb-bob marks. w and w mark the wire, 
P and P’ the promontory, and S and S’ the 


symphysis. 


surface of the symphysis. The promontory 
of the sacrum is also, to a less degree, a 
source of uncertainty. The oblique diameters 
of the inlet the ischial 


that between 
spines are, however, always very definite, 


and 
and these are not only of prime importance 
in the mechanism of labor but are most un- 
satisfactorily y the classical 
Error here has been 


estimated by 
methods of pely metry 
less than 2 mm 

that the method 
we have described is more widely useful than 


It should be pointed out 


merely for pelvimetry. It can be used for 


measuring almost any of the dimensions of 
the skeleton, and pe rhaps even of soft parts. 
By taking a third exposure to rule out move- 
ment, the dimensions of the fetus may be 


estimated. 
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We wish to thank Dr. A. B. Spalding for 
the interest he has taken in this problem and 
for the use of clinical material from the ob- 
“tetrical service of Lane Hospital. 

‘or completeness the mathematical treat- 
ment of the problem is given below, but an 
understanding of it is not necessary in the 
actual use of the method. 


Q T 
Figure 2. 
20 2 350 35 ry 
a and b 83 ) 
O 
1 2 5 4 5 G 7 8 9 10 11 12 15 2 
y (cm.) 
Fig. 3. Special Scale for Measuring the Tracing 


The unknown points A and B are pro- 
jected onto the horizontal plane ORST from 
the two positions of the target at K and L, 
showing as the points D. C. F and G. M and 
N are the plumb-bob shadows and lie ver- 
tically below K and L respectively. (Fig. 2. ) 

Since in the triangles KMC and LND, 
KM and LN are vertical, MC lies vertically 
under KC, and ND under LD. Therefore E, 


length of 1 cm. reads 88. 


Pelvimetry by Means of the Roentgen Ray 


the intersection of MC and ND, is vertically 
under A, the intersection of KC and LD; 
i.e., AE is vertical. 

Similarly BH is vertical. 

Since HE is horizontal, the figure ABHE 
is a right trapezoid. Its hypothenuse, AB, 
is the length to be measured. 

(AB)? (EH )* (AE — BI) 


IHL is y in Figure 1 and directly measur- 


able; and AB is the unknown length -r 


(AE — BH)* 


x y 


A 


Vv + (AE — BH) 


Since KL is parallel to ORST, KL, DC 


and IG are all parallel. 


KL KA 
KL 1 KA + AC KC 
iin AC \( 
KC KM 
But AC AR 
AY KL + DC 
Di 
DC 
AE KL De 
BG 
Similarly BH = LN. KL + FG 
We have chosen KM and LN ss cm 
and KL = 10 cm. 
AE = 88. DC + ie 
and BH = 8&8. ne 


If, now, we construct a scale on which a 


wecan by 
26 


applying it to DC and FG, read off directly 
the magnitudes of AE and BE respectively 
let us call these readings a and /, then the 
formula becomes: 


x V v+ (a—b)’* 


For convenience we have printed on a 


piece of celluloid a centimeter scale for read 


ing y as well as the special scale for reading 
a and b. (See Fig. 3.) 


K = 

\ 

\ 

| \ \ | 

| \ B 

| \ 
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SUMMARY cross-arm plumb-bob. 2. An aluminum filter 

with small lead ring from which to hang the 

A simple method is described for measur- bob. 3. A light bar of known length for an 
ing bony dimensions, notably of the female automatic check on the accuracy of the ex- 
pelvis, by means of roentgen rays. The  posure-making. 4. A special scale to lessen 
special apparatus required comprises: 1. a the burden of the calculations. (See Fig. 5.) 


1. The two films marked and ready for tracing 


Dots have been put at the ends of all the principal pelvic 
diameters (internal). The line drawn between the ischial tuberosities is for the measurement of the 


anterior and posterior sagittal diamet (The films taken at term show hardly enough contrast for 
atistactory reproduction. ) 


The folk are the measurements of this pel 
Pelvic inlet: \nt { 
\ 0.52 6 11.2 cm 
V 13.3 7.5 13.4 cn 
IX cht oblique \ 10.9 12.0 cn 
Left oblique V 1082 4 72 12.8 cm 
Plane of least dimension \nteroposterior V 4.7? 9? 10.1 cm 
Pransve¢ \ II.2 I.¢ 11.3 cm 
Pelvic outlet \nteroposterior V/ 2.1 6.5 2 6.8 cm 
/ 
Bisischial V 11.7? Oo 11.7 cm 
Anterior sagittal \/ 4 42 
Posterior sagittal V «82 + 62 82cm 
(Caesarian section was done for threatened eclampsia and at operation the true conjugate was measured 


and found to be 11 cm.. a dis repancy of 2 mm.) 


2 
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[ Nore: Since sending this in for publication 
we have acquired a Potter-Bucky diaphragm. 


Filter, 


Plumb-bob and Control Rod 


Problems and Prospects of Deep Roentgen Therapy 


We find that the negatives of the pelvis taken 
with this are very much clearer, and conse 
quently capable of much more accurate meas 
urement. 

We are using a universal Coolidge tube at 
9 inch parallel spark-gap at about 15 milliam 
peres, and find that fifteen seconds is a satis 
factory exposure for moderate size pregnanl 
abdomens. | 
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PRESENT PROBLEMS AND FUTURE PROSPECTS OF 
DEEP ROENTGEN THERAPY* 


By ALBERT 


LOS 


ANGELES, 


[THIN the past year, one of Ameri- 

ca’s distinguished physicists inquired 
of the writer whether the roentgen ray had 
any therapeutic action on tissues other than 
the skin. This question, propounded in all 
seriousness by an acknowledged expert in 
4«-ray physics, if accepted as indicative of a 
general lack of knowledge of this work, re- 
flects rather discreditably upon those of us 
who have been endeavoring to set forth the 
doctrine of deep roentgen therapy. We have 
failed either to present tangible facts in con- 
vincing form through the medical press, or 
we have written too much at random and 
with so apparent a lack of unanimity of 
opinion as to disqualify our claims. 

For some reason, +-ray therapy has not 
kept abreast of diagnosis, and unless we 
arrive at a certain stage of unification and 
standardization of the former our efforts 
*Read at the Twenty-first 
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will not bear the fruit they should. With 
this purpose in mind, a brief survey of soi 
phases of this work may be of value. Since 
it is generally admitted that in certain limited 
diseases of the skin and appendages, th¢ 
“-ray is an undisputed dominating factor, 
we shall confine our attention in this discus 
sion to the present day accomplishment 01 
so-called deep roentgen therapy. We shall 
also touch on what are, in our opinion, the 
most vital of the problems facing the .v-ray 
operator to-day. 

In the comparatively recent 
which short 
have been produced in working quantities, a 
mass of valuable therapeutic data has been 
accumulated. With this as a basis, we can 
segregate the conditions in which favorable . 


peri 


wave lengths of .«-radiation 


results may be expected, conditions which 
will uniformly show an end result varying 
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between more or less permanent relief and 
a clinical cure. As falling within this class, 
we may roughly enumerate certain glandular 
and organic diseases. Named in the order 
of their responsiveness, we would mention 
localized adenopathies, simple post-infec- 
tious, and tubercular. From this list, we are 
excluding luetic and carcinomatous glands. 
Next in order are diseases of metabolism 
due to hypo- and hyper-secretion, those in- 
volving the thyroid, thymus, adrenals, and, 
according to more recent investigations, the 
pituitary. Hyper-activity of the ovary is 
very readily influenced and corrected by deep 
roentgen therapy. The same influence can 
easily be obtained upon uterine cells, partic- 
ularly where menorrhagia is a sequence. Fi- 
bromata and myomata show a uniformly 
favorable response in a manner to convince 
the most skeptical. In the spleen and its 
associated leukemias we have a stay of the 
pathological blood changes sufficient to make 
the effort distinctly worth while. The list of 
conditions enumerated may be said roughly 
to include the present day indications for 
deep roentgen therapy in so far as clinical 
relief may be expected, and for which up to 
the present time no other more useful medi- 
cal agent has been found. 

The question will of course be raised: In 
the malignant forms of internal disease, has 
the x-ray any action which will warrant its 
use? From a careful perusal of the literature, 
and a knowledge of the work of many con- 
scientious radiologists, as well as from our 
own experience, which has extended over a 
period of many years, we have reached the 
conclusion that in certain types of internal 
malignancies roentgen therapy has achieved 
some success. This is particularly true in 
carcinomatous glands. Those due to an ex- 
tension of a malignant process respond more 
favorably than those due to a true metas- 
tasis. Our failure to influence carcinomatous 
masses has been largely due to our inability 
to deliver to any particular deep area a lethal 
dose. This is a problem which the future 
must solve. There are on record, however, 
a considerable number of cases of sarcoma, 


— 


of which we have had several in our own 
practice, that have been clinically cured by 
deep roentgen therapy. 

As is well known, in carcinoma of the deep 
tissues, we have had very little encourage- 
ment; yet the following case is so extra- 
ordinary that it is well worth recording. The 
patient, male, forty-two years old, with car- 
cinoma involving the lower third of the 
stomach and the pylorus, inspected through 
abdominal incision, was declared inoperable 
and also pronounced malignant by every lab- 
oratory and clinical test. He had the usual 
signs of advanced pathology, pain, cachexia, 
and rapid loss of weight, and was referred 
for roentgen treatment as a placebo. The 
upper abdomen was subjected to intense 
4“-ray exposures with heavy filters. In sixty 
days, the patient had gained twenty pounds, 
his color was better, his appetite and stomach 
function greatly improved. X-ray treatment 
has been continued for several months. 
Nearly a year has elapsed since the explora- 
tory incision. At present, the tumor is no 
longer palpable, but the tissues on deep 
pressure feel fibroid and non-elastic. The 
patient’s stomach functionates properly, he 
retains his normal weight, feels well, and 
maintains active work. The outlook is de- 
cidedly hopeful. 

The present day problems of deep roent- 
gen therapy have to deal largely with our 
ability to deliver a sufficient number of 
radio-active units to the tissues we wish to 
influence. With the instruments now avail- 
able this is acomplished to a certain degree, 
but we are yet far removed from an ideal 
which will permit us to deliver at will a 
known quantity of the energy of radiation to 
a desired point. In deep roentgen therapy, 
our first aim is to deliver to the part sufficient 
radiation profoundly to influence this part, 
not, as is often the case, merely to a point 
of stimulation or irritation, but in sufficient 
force to cause a complete inhibition of path- 
ological cell activity. From a_ theoretical 
stand-point, it would seem logical to assume 
that when a bundle of deeply acting rays 
pass through cellular tissues of widely differ- 
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ent construction and function, both normal 
and pathological, if such rays are delivered 
in quantity sufficient to inhibit the action of 
the pathological cells, the normal structures 
must suffer equally. Undoubtedly this is true 
to a degree, yet there is very little evidence 
that such destruction actually occurs. It must 
be remembered that we are not referring in 
these remarks to the European 16-hour tech- 
nique or to *#-ray necrosis with secondary 
destruction due to so-called burns associated 
with the skin and adjacent tissues. The 
writer has always assumed that in the soft 
cellular tissues of the body very little absorp- 
tion of rays occurs, and that only in con- 
gested areas with cellular impaction are the 
rays absorbed sufficiently to give off the well- 
known secondary effects, which are the 
actual working units of ray energy. If this 
simple hypothesis is accepted it would easily 
explain why we get an apparent selective 
action on pathologic structures. 

In our work, one of the most important 
of the problems is the thorough and effectual 
protection of the skin and its appendages. 
There is a healthy endeavor in this direction 
now evident, and our former two or three 
millimeters of aluminum are now replaced 
by six to ten millimeters of aluminum. This 
is highly desirable when working with one 
hundred kilovolts or more. Another phase 
of the same problem is the protection of the 
operator as well as of the patient. Under 
such high tension work, the patient is fre- 
quently better protected than the operator. 
The usual protective screens, which come as 
a part of the generating plant, are wholly 
inadequate. Lead one-half inch thick on three 
sides of the operator’s booth is none too 
heavy. The lead glass windows in such a 
cabinet should be in layers to make a one 
inch thickness. It is doubtful whether any of 
us take this amount of precaution, but it is 
most certainly indicated. 

Radiologists to-day have a fairly definite 
idea of what constitutes a safe massive dose, 
yet there is so great a difference in the 
technique of the various operators that a def- 
inite general formula cannot be adopted. A 
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massive dose through ten millimeters of 
aluminum filter has an entirely different 
range of activity from one where four milli- 
meters are employed with the same setting. 
Again, one using an eight inch focal distance 
and another ten, with otherwise the same 
formula, will fall far short of arriving at 
the same point. The ‘greatest difference in 
the formulae, however, is in the kilovoltage 
constant. It is extremely difficult to maintain 
a consistent ten inch back-up with our pres- 
ent equipment, although this point should 
be striven for if we are to expect definite 
effects deep down in the tissues. 

Gleanings from the field make it apparent 
that the average massive deep dose ranges 
in formulae as follows: Voltage or spark 
back-up equivalent from 71% to 10 inches, 
focal distance 6 to 10 inches, filters 3 to 6 
millimeters aluminum, milliamperes on tube 
circuit 4 to 6, time 5 to 10 minutes. From 
these various combinations, a very effective 
deep massive dose could be administered, 
and on the other hand one of no practical 
use whatever could also be chosen. In an 
attempt at standardization, the writer is now 
engaged in working on formulae based upon 
the distance beneath the surface we endeavor 
to reach. Briefly these are as follows: With 
3 constants, back-up 10 inches, focal dis- 
tance 8 inches, milliamperes 5, tissues up to 
2 inches below the surface, 4 millimeters 
aluminum filter, time 7 minutes. This dose 
may be repeated twice within thirty days 
over the same skin area. Tissues 4 inches 
below the surface, 6 millimeters aluminum, 
time 10 minutes. This may be repeated over 
the same area twice up to thirty days. Parts 
6 inches or more beneath skin, 10 milli- 
meters aluminum, 15 minutes time. This 
dose may be repeated three times in thirty 
days. In all this work, an additional cotton 
filter, one-half inch thick, under compres- 
sion, is employed. No further exposure is 
permitted over the same surface within three 
months. 

The future prospects of deep therapy are 
distinctiy encouraging. When we look back 
upon the comparatively few years in which 
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an effort has been made to separate the 
wheat from the chaff in x-ray therapy, we 
have strong reasons to be optimistic. No 
doubt certain improvements in apparatus 
will soon be developed: First, an electrical 
generator with unlimited voltage, so con- 
structed as to render the patient’s circuit 
free from danger; second, a controlling de- 
vice calibrated with a selective system to 
give any range of penetrability desired; and 
third, a “Coolidge” tube of sufficient capacity 
to lend itself in every way to the require- 
ments laid down. If such a development 
occurs in the not too distant future, the 
scope and success of deep roentgen therapy 
will be materially increased. Will such evolu- 
tion of x-ray energy prove a definite cure for 
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cancer? The writer believes not, but he also 
believes that it will be found in that case to 
be superior to surgery, and, combined with 
the latter, will probably be the best method 
of attack, until the true cause of this terrible 
disease of modern has been 
found and conquered. 


civilization 


Addendum: Since this article was written, I 
am informed that American engineers are per- 
fecting high voltage tubes and transformers of 
even greater capacity than those in foreign 
service, and that these will soon be available 
for our use. This eventuality, of course, will 
necessitate a complete reorganization of all our 
present treatment factors. 
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GENERAL DISCUSSION FOLLOWING SYMPOSIUM 
ON THERAPY 


Dr. G. E. 


much 


PFAHLER. 
material 


There has been so 
presented in these papers 
that it is impossible to discuss everything 
thoroughly. The work presented by Dr. Levin 
was of a fundamental character, and will give 
us principles to work on that do not need so 
much discussion. 

The excellent results obtained by Dr. Hick- 
ey in the treatment of papillomata and car- 
cinomata of the larynx are brilliant. You can 
get, however, good results, too, by the external 
application of radium or x-ray. I have had a 
patient with carcinoma of the larynx for ap- 
proximately six years, treated by the x-ray 
alone, cross-firing as much as possible on the 
disease. I have used the intubation tube, 
adapted according to the case, for the intro- 
duction of the radium inside. The method 
Dr. Hickey has used of bringing the capsule 
up from below in the tracheotomy wound is 
very good. I had thought of doing that, but 
have never done it. I have a patient at the 
present time with a tracheotomy wound, and 
I may carry out that technique when I get 
home. 

I was very much interested in the needle 
technique described by Dr. Boggs, and I am 
just as enthusiastic in that as he. I believe 


that by properly combining the radium with 
the x-ray, we can get more carcinomas of the 
breast well than by any other means or any 
other combination. I had a little experience 
with one case that has been to me most strik- 
ing, and this patient seemed to be hopeless, 
even for radiumtherapy, when I started. The 
patient had been operated on a year before 
for carcinoma of the right breast. The patient 
was sent to me with an ulcerating recurrence 
in the scar, approximately two inches in diam- 
eter, with indurated extensions along the scar, 
and a nodule in the axilla of the operated 
side, perhaps an inch in diameter. The un- 
operated breast contained a tumor mass, a 
group of nodules extending up into the axilla, 
varying from a half inch to an inch. There 
was present, also, mediastinal infiltration, pre- 
sumably carcinoma, extending outward into 
the lung area. You will admit that is a pretty 
bad picture. There were also numerous nodules 
in the supraclavicular region on the left side, 
which was the side not operated. 

I introduced radium needles directly into 
the carcinoma of the breast and each of the 
nodules leading up into the axilla, and into 
the recurrent nodules in the opposite axilla. 
I made surface application of radium to the 
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nodules in the supraclavicular region, and I 
made surface application of the radium over 
the recurrence in the scar. Then I cross-fired 
with the x-ray into the mediastinum through 
numerous portals of entry. That was started 
in February. So far as we can see to-day, 
either by eye, by finger or by roentgenogram, 
that disease has disappeared. That is more of 
a result than I believed could have been ob- 
tained by a combination of x-ray and surgery. 
I have used radium needles in some other 
cases of carcinoma of the breast, but they 
were of a kind that might have gotten well 
by other means. I believe this case probably 
would not have recovered, although I have 
had some striking results even with the x-ray 
alone, but I am convinced that where you can 
bring the radium in direct contact with the 
part, either by direct surface application over 
a nodule or by introduction of the needle into 
the disease, you get more pronounced and 
startling results than by x-ray application. It 
may be because we are using more secondary 
rays that we get the more pronounced results. 
However, for the treatment of general surface, 
or for treatment into the mediastinum, you 
will get better results by the roentgen rays. 


Dr. KENNon Dunnam. I should like to ask 
Dr. Pfahler what are the sizes of the areas 
of cross-firing in the mediastinum. How large 
an area can be treated with the +-ray? 


Dr. G. E. PFAHLeR (Answering Dr. Dun- 
ham). About three inches square. I would like 
to add a word about cross-firing. I see a great 
deal of marking up of the chest and cross- 
firing. Unless you can make that portal of 
entry bring about an actual cross-fire, you 
might as well treat two, three or four areas 
at a time. You must decide, first of all, as 
near as you can, where your tumor is, and then 
all your rays should be passed through that 
tumor area. You ought to arrange the position 
of your tube, etc., so that your rays go through 
the tumor. The doctor can do better +-ray 
therapy than the technician, because he is sup- 
posed to know anatomy and he is supposed 
to know pathology, and he is supposed to 
know where the disease is, etc. It should be 
his business in each instance to direct his 
treatment toward that disease. 


Dr. Georce C. JonHNsToNn. The statement 
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Dr. Pfahler has just made in regard to cross- 
firing and the necessity of aiming accurately 
in the direction of the tumor is, of course, cor- 
rect, but I would take considerable issue with 
the statement that radiation directed toward 
a solid body, such as a patient, even if not 
directed in the proper axis, would have no 
effect. It has been well established, I believe, 
that all the therapeutic effect you get from 
#-ray radiation is due to secondary radiation 
in the tissue, so it wouldn’t make so very much 
difference if the rays were directed absolutely 
or not in the proper mathematical direction. 
I have never been able to convince myself that 
the filtered gamma rays from radium were 
directly able to do very much. It is in all 
probability the secondary radiation set up 
which has the effect, and the same is true of 
the highly penetrating x-rays. Why do we get 
so much more effect when we use a highly 
filtered #-radiation with correspondingly less 
length of application? It may be that it is due 
to the secondary radiation. 

Now, we know that the very radiation that 
is therapeutically effective is radiographically 
outlawed. We know that the secondary rays 
will produce a foggy plate, but these are the 
rays which are therapeutically effective. Did 
you ever think about that? 


Dr. W. C. ALvarez. I would like to call 
attention at this point to some ideas again 
from those worms I talked about yesterday. 
To my mind, some of the most stimulating 
work done on the cancer problem has bees 
done by a zoologist, Professor Child. If you 
wish to get a new outlook on the cancer 
problem, I would suggest that you read his 
book on “Senescence and Rejuvenescence” 
published by the University of Chicago im 
1915. There he shows how the original em- 
bryonic cells are undifferentiated, that is, they 
are all about alike and all have the capacity 
for rapid growth. Later, as they differentiate 
and take on special functions, they fill up with 
material which he calls metaplasm. This more 
or less fixed and dead material increases im 
amount as the cells grow older; and with its 
increase, they lose their original power of 
growth and multiplication. 

Finally, a time comes when the cell develops 
the power of eating up the metaplasm, it 
de-differentiates, and in so doing regains its 
original power of rapid growth and fission. 


General Discussion Following Symposium on Therapy 


This method of rejuvenescence is naturally of 
great value to lower organisms, but it con- 
stitutes a great menace to the higher animals. 
I believe that a careful study of this mechan- 
ism in the lower organisms may help us greatly 
in finding the cause and cure of cancer. 

The idea of a metabolic gradient comes in 
in the treatment of cancer. The rapidly grow- 
ing tumor cells probably have a fast metabolic 
rate and a large demand for oxygen. We have 
seen that such rapidly growing tissues suffer 
more from some poisons than do tissues of 
slow growth; and the problem of cancer cure, 
as I see it, is to find some substance which 
will damage the rapidly growing cells and leave 
intact the more slowly growing ones of the 
host. In working towards this end, it would 
be very helpful to know exactly what the rates 
of metabolism are in the different parts of the 
body and in the tumors. 

Some of you have asked me for suggestions 
as to the causes of nausea after roentgen ray 
treatments. I will say that in the Hooper 
Foundation, my chief, Dr. Whipple, and some 
of his associates have been giving large dos- 
ages over the abdomens of dogs, and they have 
found that they can produce deep ulcers in 
the mucous membrane of the stomach and in- 
testine. If the cone used is a small one the 
ulcers are small and their edges are sharply 
limited. If such lesions are produced in man 
they may account for some of the digestive 
upsets seen after roentgen ray treatment. 


Dr. W. S. LAwreENcE. I would like to hear a 
little discussion on the matter of equivalent 
filtration. This is what brought the thought 
to my mind. Someone in a paper yesterday 
said he was using one millimeter of copper 
and that one millimeter of copper was equival- 
ent to 19 mm. of aluminum. Now if that is 
true, I would like to know it. Roentgen, in 
his original paper, stated that the #-ray pene- 
trates all materials in proportion to their 
specific gravity. I do not know that that law 
has ever been proven false. Now copper is only 
about three times as heavy as aluminum, and 
three or four millimeters of aluminum ought 
to be equivalent to one millimeter of copper. 

One other point I would like to suggest: In 
treating a widespread involvement like the 
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case Dr. Pfahler mentioned, of carcinoma in- 
volving practically the whole thorax, and par- 
ticularly where the lungs are involved, I think 
the distance method over a large area is a 
much more valuable method of application 
than the method of blocking off in small areas, 
because, as Dr. Pfahler said, in small areas 
improperly directed, the part below will not 
get the required amount. Although there is a 
difference of rays which gives you some cross- 
fire, even though you direct the central rays at 
right angles, still the part below the center of 
one of those areas would get only about what 
the skin would stand at six or eight inches, 
according to the distance you select. But if you 
get twenty inches from the part, and hit a 
large area, then the part below will get nearly 
as much as the skin and the effect will be much 
greater and incidentally you save a great deal 
of time. 


Dr. A. L. Gray. I didn’t hear all of Dr. 
Hickey’s paper, but many of the members will 
recall that at the meeting in Niagara, I re- 
ported four cases of laryngeal papillomata 
treated by the x-ray with almost complete 
success in all four of them. I have since added 
two adult cases. I would like to know from 
Dr. Hickey how long he treated this case, and 
how long he waited after the treatment? My 
experience with cross-fire radiation in laryn- 


geal papillomata, non-malignant, has been very 
satisfactory. 


Dr. P. M. Hickey. In reply to Dr. Gray’s 
statement, I will state that I waited between 
three and four years. She had treatments ex- 
tending over three months, and was also 
treated elsewhere by the x-ray. I tried to bring 
out in the paper that, from a clinical stand- 
point, there are two kinds of laryngeal papil- 
lomata, one of which is very amenable to sur- 
gical treatment, and the treatment I suggested 
is simply for those intractable cases of papil- 
lomata of the larynx. A certain number are 
very amenable to surgical treatment, and 
evidently, from the Doctor’s remark, to roent- 
gen treatment, also. There is, however, another 
class which tends to recur very persistently 
and it is in that class I suggested the contact 


application of radium to the papillomatous 
masses. 
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TWENTY-SECOND ANNUAL MEETING THE AMERICAN ROENTGEN RAY SOCIETY 


WASHINGTON, D.C., SEPTEMBER 27, 28, 29, 30, 1921 
Headquarters, Meetings and Exhibits: Hotel Washington. Hotels: Hotel Washington and The New Ebbitt. 


SIXTH ANNUAL MEETING THE AMERICAN RADIUM SOCIETY 


BOSTON, JUNE 6 AND 7, 1921. HEADQUARTERS, HOTEL BRUNSWICK 


WASHINGTON MEETING 


The Twenty-second Annual Meeting of 
THE AMERICAN ROENTGEN Ray SOCIETY 
will be held in Washington, September 27, 
28, 29 and 30, 1921. Headquarters, meetings 
and exhibits, will be at the Hotel Washington, 
Pennsylvania Avenue, opposite the Treasury. 

Hotel accommodations for members and 
guests may be arranged at the Washington 
Hotel and The New Ebbitt. In making res- 
ervations state that you are attending the 
meeting of THE AMERICAN ROENTGEN Ray 
Society. Mr. A. Gumpert, Manager of the 
New Ebbitt, has agreed to see that all those 
attending the Convention are taken care of. 
Therefore anybody not getting what he 
wants should communicate direct with him. 

The hotel rates are as follows: 

Hotel Washington, every room having 
private bath with shower, tub and running 
ice water (European plan only): 


Per day 
Single rooms $5.00 to $7.00 
Double rooms (double bed) 8.00 


Double rooms (twin beds) 10.00 to 12.00 


The New Ebbitt (European plan only) : 


Per day 
Single room without bath $2.50 
Single room with bath 4.00 


Double room without bath, each person $2.50 
Double room with bath, each person, 3.50 
Also a number of large suites, both with 


and without bath, which will comfortably 
accommodate upwards of four persons. On 
these suites they would make a rate of $3.00 
per day each person, with bath, or $2.00 per 
day each person without bath. 

For information regarding the program, 
those wishing to read papers or to show 
slides at the meeting should communicate 
direct with the President, Dr. A. C. Christie, 
1621 Connecticut Avenue, N. W., Washing- 
ton, D. C. 

For information regarding commercial ex- 
hibits and other business matters connected 
with the meeting, address the Business Man- 
ager, Paul B. Hoeber, 67-69 East soth 
Street, New York City. 

It is hoped to arrange for special trains 
and cars from various sections. Details re- 
garding this will be announced later. 


PRELIMINARY ANNOUNCEMENTS 


Dr. A. C. Christie, President of the So- 
ciety, announces that plans for the program 
of the Annual Meeting of the Society next 
fall are now well under way. Dr. Réné 
Ledoux-Lebard will give the Caldwell Lec- 
ture on the subject of “Deep Roentgen 
Therapy.” It is planned to give a much 
larger place on the program to papers on 
therapy than has hitherto been done. The 
plan is to hold the meeting for four days, 
giving the entire first day to papers on ther- 
apy and to have the papers on physics during 
the forenoon of the second day. This will 
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Editorials 


enable those who are interested only in 
therapy to leave about the middle of the 
second day, while those interested only in 
roentgen diagnosis would not feel it neces- 
sary to atend until the beginning of the sec- 
ond day. Those interested in both diagnosis 
and therapy would probably wish to be pres- 
ent the entire four days. 

It is believed that this plan will make the 
meeting of interest to a much larger number 
of men. It is requested that those who have 
papers to present at the meeting communi- 
cate with the President of the Society at as 
early a date as possible. 


WESTERN SECTION 


THE AMERICAN ROENTGEN Ray SOcIETY 

The second annual meeting of the West- 
ern Section of The American Roentgen Ray 
Society will be held at Portland, Oregon, 
May 27th and 28th, 1921. The headquarters 
will be at the Portland Hotel, and the Chair- 
man of the Local Committee on Arrange- 
ments is Dr. Roy A. Payne, Stevens Build- 
ing. 

Every facility will be provided for the 
demonstration of plates and slides. On Fri- 
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day afternoon time will be taken for an auto- 
mobile trip over the famous Highway, and 
the banquet will be held on Friday night, 
May 27th. 

The National Society has been requested 
to send President Christie to the meeting, 
and it is hoped that he will be present. One 
day of the meeting will be occupied by the 
Western Section of The American Roentgen 
Ray Society, and the other day by the 
Pacific Coast Roentgen Ray Society. The 
following papers have already been promised 
for the Western Section program: 

Super-radiation and Delayed Reactions; 
Albert Soiland, M.D., Los Angeles. 

Postural Variations in Cecum and Colon 
and their Interpretation; Roy A. Payne, 
M.D., Portland, Oregon. 

Fractured Vertebrae; 
man, M.D., Los Angeles. 

Treatment of Leukemia; H. B. Thomp- 
son, M.D., Seattle. 

Subject to be announced; Dr. 
Ruggles, San Francisco. 

Subject to be announced ; Dr. 
Richards, San Jose. 

The Pacific Coast Society will have sev- 
eral papers of interest in their Section, and 
the meeting promises to be very successful. 

W. WarNER WATKINS, Secretary. 


William B. Bow- 


Charles M. 


Charles M. 


advising us in advance; in this case, Rindl 


operations in New York hospitals on fi 


Subscribers to THE AMERICAN JOURNAL OF ROENTGENOLOGY visiting New York City, are in- 
vited to make the office of THz JouRNAL (69 East 59th Street, New York) their headquarters. Mail, 
packages or baggage may be addressed in our care. Hotel reservations will gladly be made for those 
y notify us in detail as to requirements and prices. List of 


in OUT office daily. 


BOOK REVIEWS 


GRENZEN DES NORMALEN UND ANFAENGE DES 
PATHOLOGISCHEN IM ROENTGENBILDE. By 
Prof. Doctor Alban Kohler, Wiesbaden. 
Third Edition, revised and enlarged. xi +- 
415 pages. Illustrated. Published by Lucas 
Grafe and Sillem, Hamburg. 


It has been a distinct pleasure to review the 
third edition of Dr. Kéhler’s book which ap- 
peared in May, 1920. 

This edition has been enlarged by nearly one 
third. As it was impossible for Dr. Kohler, 
during the period of the war, to have access 
to the medical literature of the world, the re- 
vision represents almost entirely the results of 
his own investigations and experience. There 
are 415 pages of text introduced by a general 
part of eleven pages. All sections of the edition 
have been more or less enlarged, important 
additions having been made to the general 
section and the sections dealing with the car- 
diovascular system, the osseous system and 
pneumatic cavities. Attention is given to the 
outlining of growing bone, to inconstant parts 
of the skeleton, islands in the compacta, gen- 
eral disturbances of growth and to a great 
number of minor conditions of the skeleton. 
These are thoroughly described in 238 pages. 
Sixty pages are devoted to the thorax and 105 
to the abdomen. Concerning the gastro-intes- 
tinal tract there has been no change made 
beyond that contained in the second edition. 


There is a complete index and an extensive 
bibliography. 

The author, in his preface to this edition, 
calls attention to the illustrations which are 
tracings of the original roentgenograms, exact 
to the millimeter, and mechanically reduced 
in the Academy of Arts. These tracings are 
excellent in their simplicity without undue 
elaboration and consequently reveal at a glance 
the normal condition or lesion they are in- 
tended to illustrate. 

The object of Dr. Kohler’s book is concisely 
summarized in the title. Its value lies mainly 
in its descriptions of early pathologic changes 
and its demonstrations of the wide variations 
which may exist within normal limits and 
which are a constant source of error in the 
interpretation of roentgenograms. Typical le- 
sions have been described and pictured often 
enough ; the great difficulty lies in making ac- 
curate diagnoses of early pathologic changes, 
in view of these wide limits of normal vari- 
ation. 

This excellent discussion of normal and 
early pathologic processes should be carefully 
studied by every physician contemplating the 
study of roentgenology, and even the expert 
would profit by carefully reading this work, 
for it presents the very foundation upon which 
interpretation rests. 


R. D. CARMAN. 
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